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SUMMARY
diazo
The therm al decom position  o f  2 ,3 ,4 ,5** te trapkeny l^yelopen ta— 
diene i n  p y r id in e  and m ethyl p y r id in e s  has been  found to  p ro v id e  
a ro u te  to  th e  co rre sp o n d in g  p y rid in iu m  2 , 3 , 4 , tra p h e n y l— 
o y o lo p e n ta d ie n y lide# T h is  p ro ced u re  has been ex tended  to  include, 
deoom position o f th e  d iazo  compound in  d e r iv a tiv e s , o f  Group V 
and VI e lem en ts and a  ro u te  to  a s e r ie s  o f  h i th e r to  u n re p o r te d  
t e tra p h e n y lo y o lo p e n ta d ie n y lides h as  been e s ta b lish e d #  T rip h en y l— 
phosphonium, tr ip h e n y la rso n iu m , and tr ip h en y l.s tib o n iu m  2 ,3 ,4 ,5 ^  
te  t r  aphenyl oy o l o p en tad i enyl i.de s have been i s o l a t e d  a s  s ta b le  
c r y s t a l l i n e  s o l id s  and ev idence h as been found  f o r  th e  e x is te n c e  
o f  th e  tripheny lb ism u thon ium  analogue# D iphenylsulphonium ^ 
m ethyl.phenylsulphonium , and d iphenylselenonium  2 ,3 ,4 ,5*~tetra­
phenyl oy c l  o pen tad i eny l id e s  have a ls o  been shown to  have u n u su a l 
s ta b i l i ty #
The mechanism o f  th e  decom position  r e a c t io n  o f 2 ,3 ,4 ,5*^ 
te tra p h e n y ld ia z o c y c lo p e n ta d io n e  i s  d isc u sse d  and i s  co n s id e red  
to> p ro ceed  by i n i t i a l  decom position  o f th e  d iazo  compound to  
te tra p h e n y lc a rb e n a c y c lo p e n ta d ie n e  fo llow ed  by e le c t ro p h i l ic :  
a tta c k , on a s u i ta b le  heteror-atom  group c o n ta in in g  a lo n e  p a i r  
o f  e le c tro n s#
A. com parative s tu d y  o f th e  p r o p e r t ie s  and th e  r e a c t iv i t i e s :  
o f  th e  tje tra p h e n y l cy c l  o p en tad i eny l id e s  w ith  carbony l conpounds 
and n itra so b e n z e n e  h as  been made# The s o f  some o f th e
Cvii),
y l id e  co n ju g a te  a c id s  were dotorm ined in  95^0 e th a n o l s o lu t io n  
and i t  ap p ea rs  th a t ,  f o r  th e  s im i la r ly  s u b s t i tu te d  y l id e s  th e re  
i s  no: c o n s is te n t  p a r a l l e l  betw een n u c le o p h i l ic i ty  and b a s ic i ty *  
The therm al decom position  o f o th e r  d ia 20cy o lo p en ta d ien e s , 
in c lu d in g  th e  2 , 3 ,4 ,5 - te t r a c h lo r o —, 2 , 3 , 4 - t r ip h e n 37i —, 5-brom o- 
2 , 3 , 4 - t r i p h e n y l—, and 5- c h lo r a —2 , 3 , 4 - t r i p h e n y l -  d e r iv a t iv e s ,  
o ccu rred  u n o o n tro l la b ly  and a tte m p ts  to  o b ta in  y l id e s  f a i l e d  
when th o se  d ia zo  compounds were su b je c te d  to  analogous c o n d itio n s  
empl oyc d f o r  2 , 3 , 4 , 5—te  trap h e n y l d iazooycl op e n ta d i ene «
P hosph ines were found to  couple r e a d i ly  w ith  s u b s t i tu te d  
d iazo o y c lo p en tad io n es  to  form th e  co rresp o n d in g  phosphazines 
w ith  th e  ex cep tio n  o f  th e  r e a c t io n  between tr ip h e n y lp h o sp h in e  
and 2 , 3 ,4 ,5 - te tr a p h e n y l d i azocycl open tad i ene. Evidence suggest:s 
th a t;  th e s e  p h o sp h az in es, in  a c i d i a  m edia, a re  p ro to n a te d  a t  th e  
n itro g e n  atom r a th e r  th a n  a t  th e  five-inem bered ring*
P yrid in ium  2 ,3 ,4 - tr ip h e n y lc y  c l  open tad i e n y l i  de was p re p a re d  
by a lk y la t io n  o f p y r id in e  w ith  5—l^ ^^ omo—2 , 3 , 4 —tr ip h e n y l c y c le — 
p e n ta d i one in  a s o lu t io n  o f  n i  trom e thane and subsequent, b a s i— 
f ic a t io n *  In  an a tte m p t to. p re p a re  the  ana logous phosphonium; 
y l id e  i t  was found th a t;  t r i  phenylpho sphine i n  n i  trome th an e  
le d  to  re d u c tio n  of. th e  bromo compound* However when t h i s  
r e a c t io n  was c a r r ie d  out: i n  th e  absence o f  s o lv e n t  t r ip h e n y l -  
( 2 , 3 , 4—t r i  phenyl cyc lop  e n ta d i en y l) phosphonium brom ide was i  solatod^
(viii)
I t  h as  been  found  t h a t  t r ip h e n y la r s in e  oxide and 2 , 3 , 4— 
tr ip h e n y lo y o l o p en tad i one undergo a r e a c t io n  in  t r i  e th y l amine 
and phosphorus p en to x id e  to  form  tr ip h e n y l  arsonium  2 , 3 , 4 — 
tr ip h e n y lc y o l o p e n ta d ie n y lide, and t h a t  when th e  r e a c t io n  i s  
c a r r ie d  ou t in  a c e t i c  anhydride th e  5-e ,oe ty l y l id e  i s  formed# 
Some e l e c t r o p h i l i c  s u b s t i tu t i o n  re a .c tio n s  on th e  t r ip h e n y l— 
phosphonium and t r ip h e n y larsonium  2 , 3 , 4—trip h e n y lc y o lo p e n ta — 
di enyl id e s  have been  done and th e  p r o p e r t ie s  and n u c le o p h i l ic i ty  
o f  th e se  y l id e s  have been  in v e s tig a te d *  A com parison h as  a ls o  
been dravm betw een th e s e  y l id e s  and t h e i r  to tra p h e n y lc y o lo p e n ta — 
d ie n y l ide analogues*
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IHmODUQflOH
1 , HOH-BMMOID ÆROMATIG QOMPOUHDS
D uring tile  m iddle o f th e  l a s t ,  c en tu ry  i t  was re c o g n ise d  
th a t:  benzene and a number of. r e l a t e d  compounds had d i s t in c t iv e
p r o p e r t ie s  and th e s e  compounds had come to  be c a l le d  * aromatic.*'#
^ 1 In  1865; Kekule p ro p o sed  th e  c y c l i c  s t r u c t u r a l  fo rm ula f o r  benzene *
!Ihe u se  o f  th e  word ’ arom atic* was b ased  on s t r u c t u r a l
f e a tu r e s ;  namely th e  presence, of. a benzene r in g  in  a m olecule*
2S h o rtly  a f te rw a rd s  however i t ;  was su g g ested  th a t;  th e  co n cep t
o f a ro m a tic i ty  sh o u ld  in c lu d e  compounds o f  s im ila r  chem ical
b eh a v io u r r a th e r  th a n  th o se  w ith  a  common s t r u c tu r a l  fe a tu re *
By th e  n in e  te e n - tw e n tie s  tile  chem ical b eh av io u r o f a ro m atic
m o lecu les was ex p re ssed  in  te rm s o f th e  e le c t r o n ic  th e o r ie s
o f ch em istry  b e in g  developed  by Ingo ld^and  Robinson^#
H ueltel, one o f  th e  p io n e e rs  o f th e  tT -o le c tro n  th e o ry  o f
a ro m a tic i ty  in  te rm s o f th e  sim ple m o le cu la r  o r b i t a l  th e o ry ,
in tro d u c e d  in  1931  th e  b a s ic  r u le  u n d e r ly in g  p resen t: day
5id e a s  on arom aticity"^# I t  s t a t e s  th a t  "am ongst f u l l y  
co n ju g a te d , p la n a r ,  m onocyclic o le f in s  on ly  th o se  p o s s e s s in g  
( 4 n + 2). Tr—e le c t ro n s ,  where n i s  an in te g e r ,  w i l l  have sp e c ia l  
a ro m atic  s ta b i l i ty " *  T h is  r u le  embraced R obinson*s concept 
o f  th e  arom atic  s e x te t^ ’ ^ o f e le c t ro n s  and a ls o  in c lu d e d  
many o th e r  p o s s ib le  system s o f e le c t ro n s  which- cou ld  endow 
m o lecu les  ivith  arom atic , c h a ra c te r#  At th e  tim e o f t h i s
2«
p re d ic t io n  no examples o f th e s e  o th e r ty p e s  were known bu t 
s in c e  1957 th e  p re p a ra t io n  and i s o l a t i o n  o f many such 
compounds h as  p ro v id ed  e x c e l le n t  ev idence f o r  th e  v a l i d i t y  
o f th e  r u l e .
In  E u o k e l* s m o lecu la r o r b i ta l  tre a tm e n t th e  T T -e lec trons 
o f th e  co n ju g a ted  system a r e  reg a rd ed  a s  common to  a l l  th e  
carbon m o lecu la r o r b i ta l  s . The o r b i t a l s  may be bonding 
o r b i t a l s ,  non-bonding o r b i t a l s ,  and a n ti-b o n d in g  o r b i t a l s ,  
th e  numbers o f each of th e s e  and t h e i r  e n e rg ie s  depending on 
th e  number o f atoms and th e  symmetry in  th e  p a r t i c u l a r  
co n ju g a ted  system . They may be determ ined  by so lv in g  th e  
wave eq u a tio n  f o r  th e  system , no t more th an  two e le c t ro n s  
b e in g  a l lo c a te d  to  each o r b i t a l  in  accordance w ith  th e  
P a u li  E x clu s io n  P r in c ip le ,
H uokel’ s r u le  s p e c i f ie s  th e  c o n d itio n s  under which f i v e -  
and seven-membered c a rb o c y c lic  r in g  compounds can p o sse ss  
a ro m atic  ch a ra c te r*  Thus, c y c lo p en tad i ene ( l )  i s  fo rm a lly  
analogous to  th e  h e te ro c y c l ic  arom atic  system s fu ra n , 
th io p h en e , and p y r ro le ,  b u t u n lik e  th e se  i t  i s  com plete ly  
devo id  of a ro m a tic  c h a ra c te r .  Due to  th e  enhanced uns a tu ra te d  
n a tu re  of th e  co n ju g a ted  d ien e  system because o f r in g  s t r a in ,  
th e  pure monomer ( l )  undergoes a r a p id  D ie ls -A ld e r  r e a c t io n  
w ith  i t s e l f  a t  room tem p era tu re  to  form
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d ic y c lo p e n ta d ie n e ( I I ) ,  The h e te ro c y c l ic  an a lo g u es d e riv e  
t h e i r  a ro m a tic i ty  from th e  s e x te t  o f 1Y -e lec trons composed 
o f one u n sh a red  p a i r  o f  e le c t ro n s  from th e  h e te ro -a to m  
to g e th e r  v /ith  th e  fo u r  i f —e le c tro n s  from th e  double bonds*
The rem oval o f a hydrogen atom to g e th e r  w ith  two, one, or 
none o f i t s  bonding e le c t ro n s  from cy c l open tad i ene w il l  
r e s u l t  in  a c a t io n  C* a r a d ic a l  and an an ion5 5 5 5 '
r e s p e c tiv e ly *  The diagram  (Fig* 1*1) r e p r e s e n ts  th e  
occupancy o f th e  m o lecu la r o r b i t a l s  by th e  i f - e l e c t r o n s  fo r  
each o f th e  th r e e  species*  The c y c lo p e n ta d ie n ide an ion  
( i l l )  a lone  h as  a c lo sed  s ix  1Y -e le c tro n  s h e l l  and th e re fo re  
th e  a ro m a tic i ty  which th e  p a re n t hydrocarbon la c k s .  The 
e le c t ro n s  a l l  occupy bonding  o r b i t a l s  ( i . e .  th e  removal o f 
an e le c t ro n  r e q u i r e s  energy  ex p en d itu re )  and th e re  a re  no 
u n f i l l e d  bonding  o r b i t a l s  ( i . e .  a d d i t io n  o f an e le c t ro n  
r e q u ir e s  energy  e x p e n d itu re ) . This co rresponds to  th e  
ground- s t a t e  o f benzene which may be l ik e n e d  to  th e  e s p e c ia l ly  
s ta b le  e le c t ro n  s h e l l s  of th e  i n e r t  g a se s . The s t r u c tu r e  
( h i )  i s  in  f a c t  co m p le te ly  sym m etrical b e in g  on ly  one o f  
f iv e  can o n ica l form s. The more u su a l r e p r e s e n ta t io n  ( i v )  i s  
adop ted  in  t h i s  th e s is*
M olecular o r b ita l cal:Pul.ations were a lso , s u c c e s s fu lly  
a p p lied  to  cy c lo h ep ta tr ien e  ( l )  in  which i t  was. found to* have
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th re e  bond ing  and fo u r  a n t i —bending o r b i t a l b* Thu& of th e
c a t io n  th e  r a d ic a l  and th e  an ion  only
th e  c a tio n  has a c lo se d  s ix  T T -e lec tro n  sh e ll*  In  fo rm u la tin g
h i s  r u le  Kuckel p re d ic te d  th a t  c y c lo h e p ta tr ie n y liu m  s a l t s ,
d e riv e d  from ( v ) , would have aro m atic  c h a ra c te r*  T his
p r e d ic t io n  was f u l f i l l e d  i n  1954  when B o e r in g ^ id e n t if ie d
tropy liu in  brom ide ( V l ) , a compound which had been p rep ared  
- 8in  1891 b u t was no t id e n t i f ie d *
The two G a,rbooyclic system s d isc u sse d  so f a r  a re  
examples in  which th e  number o f t f “-e le c tro n s  i s  (4n-i-2) 
where n=l* H uckel*s r u le  f o re c a s t  new non—benzeno id  a ro m atic  
system s in  w hich th e  number of TT-G leotrons in  a c lo se d  
s h e l l  cou ld  be 2 o r 10 o r I 4 etc*. U n til  1957 such 
m onocyclic system s were known b u t in  th a t  y ea r B reslo^r 
p rep a red  th e  cyclopropeniurn s a l t  (V Il)  i n  which 2 î f - e le c t r o n s  
a re  d e lo c a l is e d  over th re e  r in g  atoms* T his d isc o v e ry  
was th e  f i r s t  o f many new arom atic  m onocyclic system s, such 
a s  th e  c y c lo o c iia te tra e n id e  d ian ion^^  (¥111 ) and th e  cy o lo - 
n o n a te tra e n id e  anion^^ ( ix )  bo th  o f which have a c lo sed  
s h e l l  o f te n  'ÎT'‘-*olectrons* I t  has a l s o  b ee n ..re p o rted  th a t
th e  c y c lo b u tad ien e  d i—c a t io n  (x) has been o b ta in e d  in  
s o lu t io n , t h i s  b e in g  a n o th e r  example o f a m onocyclic 
system  con tain ing- two d e lo c a l is e d  tY^^elecirons*  Sondlieimer 
h as  p rep ared  a s e r i e s  o f com plete ly  co n ju g a ted  p o ly o le f in s
known a s  annu lenes^^  ( e , [14] -an n u len e  ( M l)  ) and
s tu d ie s  o f  th e se  compounds, e s p e c ia l ly  t h e i r  n u c le a r
m agnetic reso n an ce  s p e c tr a ,  have g iven  added su p p o rt to
E uokel( s ru le #  S im ila r ly  th e  b rid g ed  an nu lenes^^ , o f  which
(X l) i s  an exam ple, confirm  th e  p r e d ic t io n  which Huckel made
in  1 9 3 1 » I t  i s  t h e o r e t i c a l l y  p o s s ib le  on th e  b a s is  o f
Huokel* s r u le  th a t  a ro m a tic  system s c o n ta in in g  a la rg e
number o f 1Y—e le c t ro n s  can e x is t#  However th e  e x is te n c e  o f
such m acro cy c lic  system s in  th e  form o f p lan e  r e g u la r
polygons i s  u n l ik e ly  owing to  th e  g r e a t  an g u la r  s t r a i n ,  and
th e  t r a n s i t i o n  o f th e  m o lecu les in to  a n o n -p lan a r form would
c o n s id e ra b ly  d im in ish  th e  co n ju g ated  energy# A nother
p o s s ib le  re a s o n  fo r  la c k  o f a ro m a tic i ty  in  l a r g e r  r in g s
a r i s e s  from th e  su g g e s tio n  th a t  above a c e r ta in  r in g  s iz e ,
a l t e r n a t i n g  s in g le  and double bonds may be ex p ec ted  r a th e r
15'th a n  h y b r id is e d  bonds ' f  In  g en era l th e  d é lo c a l i s a t io n  
energy  p er double bond in  annu lenes d e c re a se s  a s  th e  r in g  
s iz e  in c re a se s#
Breslow  and Yuan have r e s t a t e d  Huckel*s r u le  to  
accommodate b o th  th e  uncharged  p la n a r  c y c lic , p e l y o le  f in s
and th e  a ro m a tic  io n s  such a s  th e  tro p y liu m , cy c lo p en tad ie n id e  
and cyolopropenlum  ions* I t  s t a t e s  th a t;: "The t f—e le c t ro n  
m o lecu la r  o r b i t a l s  o f  m onocyclic co n ju g a te d  m o lecu les v a ry  
w ith  th e  number o f carbon  atoms such t h a t  (4n+2) numbers - o f .
6#
e le c t ro n s  co m p le te ly  f i l l  th e  bonding m o le cu la r o r b i t a l s  
and produce th e  l a r g e s t  e le c t ro n  d é lo c a l i s a t io n  energy*
(4 n f l )  and (4n+3) e le c t ro n  m o lecu les ( r a d ic a l s )  te n d  to  
form a *more s ta b le *  system th rough  th e  g a in  o r lo s s  o f  an 
e le c t ro n  to  form th e  (4 n f2) c o n f ig u ra tio n "  #
Aromatic. D e r iv a t iv e s  q£ Cycl  op e n ta d i ene #
17Cycl o p en tad i ene , w ith  a pK o f 15 , i s  more a c id ica
th an  o th e r  h y d rocarbons a p a r t  from th e  ace ty len es*  ( ^ *  t r i -
phenylm ethane, pK^ « 33)* The r e l a t e d  compounds indene and
fluore .ne have pK * s o f  18*5 and 23 re s p e c tiv e ly *  Thea
a c id i t y  o f cycl op e n t a d i one i s  a s s o c ia te d  w ith  th e  a ro m a tic i ty  
o f  th e  io n  (IV) * T h ie le  re c o g n ise d  t h i s  a c i d i t y  when he 
p re p a re d  th e  f i r s t ,  cy c l op e n ta d i en i do ânion^^. by tho  a c t io n  
o f po tassium  on cyc lopen tad iene . in  an i n e r t  atm osphere and 
so lven t*  The an io n  h as  r e c e n t ly  been p re p a re d  more 
s a t i s f a c t o r i l y  by th e  a c t io n  o f phenyl l i th iu m  on cycl openta— 
d ie n e^ ^ . S a l t s  have a ls o  been o b ta in ed  w ith  manganese 
and w ith  a lk a l in e —e a r th  and r a r e - e a r th  m e ta ls .  These s a l t s  
a re  h ig h ly  r e a c t iv e  and in flam e  in  a i r ,  b u t  a re  n o n e th e le s s  
s ta b le ,  d e r iv in g  t h i s  s t a b i l i t y  from th e  d e lo c a l is e d  s e x te t  
o f 1Y -elec$rons* The r e a c t i v i t y  o f th e  cy c lo p en tad ien e  
an ion  i s  reduced  c o n s id e ra b ly  i f  e le c t ro n —w ithdraw ing  
s u b s t i tu e n t  groups a re  a t ta c h e d  to  th e  rin g *  An example of
such an an io n , th e  d ia c e ty ln itro c y c L o p e n ta d ie n id e  s a l t  ( X I I l ) ,
20was p rep ared  by Hale i n  1912 , and i t  ap p ears to  be s ta b le
in d e f i n i t e l y  in  th e  atm osphere* O ther such an io n s  which
21 22 2 A o /can be h and led  in  a i r  in c lu d e  a ro y l  ^ , form yl , cyanQ*  ^ ,
25—28and carbom ethozyoyclopen tad i e n ide s *
The a ro m a tic  c h a ra c te r  o f th e  c y c lo p e n ta d ie n id e  an ion
i s  shown b o th  by i t s  chem ical r e a c t io n s  and by i t s  p h y s ic a l
p ro p e r tie s #  The an io n  shows a h igh  r e a c t i v i t y  tow ards
e l e c t r o p h i l i c  a t t a c k .  With carbon d io x id e  tho  uns u b s t i tu te d
an io n  g iv es  a d ic a rb o x y lic  a c id  which d irnerises^^*^^ , and
w ith  w ate r and a lco h o l i t  i s  decomposed. I t  i s  a ro y la to d
by a c id  c h lo r id e s  in  th e  absence o f c a ta l y s t s  to  g ive  monomeric
21 22d ia ro y l d e r iv a t iv e s   ^ . The c y c lo p e n ta d ie n id e  an ion
undergoes re a d y  e l e c t r o p h i l i c  s u b s t i tu t io n  w ith  m ethyl 
io d id e  in  l i q u i d  ammonia to  g ive m ethyl cyc l o p en tad i ene s • 
Deuterium  exchange o ccu rs  re a d ily ^ ^  in  a lk a l in e  media 
( o f ,  p y r ro le  which on ly  undergoes exchange a t  pH<cl) 
i l l u s t r a t i n g  th e  h ig h  r e a c t i v i t y  o f th e  an io n .
P h y s ic a l ev idence f o r  th e  a ro m a tic  and io n ic  n a tu re  
o f th e  c y c lo p e n ta d ie n id e  an ion  i s  ab u n d an t. Whereas cyc lo— 
p e n tad ien e  shows two m u l t ip le t s  in  i t s  n u c le a r  m agnetic 
resonance  spectrum  a t  3#57n^ and 7<13T^ a r i s i n g  from the 
o le f in ic  and m ethylene p ro to n s  r e s p e c t iv e ly ^ ^ , th e  n u c le a r  
m agnetic reso n an ce  spectrum  o f sodium c y c lo p e n tad i e n ide
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shows one sh a rp  peak a t  4 * 5 ^  in d ic a t in g  th e  symmetry o f 
33th e  an ion  • The p o s i t io n  o f tho  peak due to  tho  p ro to n s
in  benzene o ccu rs  a t  2.73'T*» This change in  p o s i t io n s  i s
though t to  occur because o f e le c t ro n  d e n s i ty  d if fe re n c e s
on th e  carbon  atoms r a th e r  th an  any d if fe re n c e  in  th e
m agnitude o f  th e  r in g  c u r r e n ts  in  tho  cy c lo p en tad i en i de
an io n  and benzene .
The symmetry of th e  an io n  has a l s o  been concluded
from work on ^ ^ 0 - la b e llo d  cyclopenta.diene^'*"', i n  which
a tte m p ts  were made to  produce la b e l l e d  cy c lo p en tad ien e  from
1^1 ,2 —dibrom ooyclopontane l a b e l l e d  a t  th e  4 -p o s i t io n  w ith  ' C#
In  each o f th e  th re e  d i f f e r e n t  methods u sed  random
1d i s t r i b u t io n  o f  th e  in  th e  r e s u l t a n t ,  cycl.opentad iene
was found, p ro v id in g  s tro n g  evidence th a t  each p re p a ra t iv e
ro u te  in v o lv e d  fo rm a tio n  o f th e  c y c lo p e n ta d ie n ide an ion  in
whioh a l l  f iv e  p o s i t io n s  a re  e q u iv a le n t.
P e te rs  p rep a red  th e  u n re a c tiv e  an io n  sodium dicarbom othoxy- 
25c y c lo p e n ta d ie n id e  "^(XIV) and i t s  io n ic  n a tu re  i s  suggested  
by th e  fo llo w in g  o b se rv a tio n  s . I t  does n o t melt., i t  i s  
s o lu b le  in  p o la r  so lv e n ts  and in s o lu b le  in  normal o rgan ic  
so lv en ts#  A lso  le a d  and ba,rium s a l t s  can be form ed by double 
decom position , and th e  c o n d u c tiv i ty  o f i t s  aqueous s o lu t io n s  
in d ic a te s  a 1 :1  e le c t ro ly te #  d e b s te r  has r e c e n t ly  p rep a red  
th e  rem arkab ly  s ta b le  t c t r a -  and p o n tacy an o cy c lo p o n tad ien id e
an io n s  (XV) and  For in s ta n c e ,  th e  potassium
s a l t ,  of tho  l a t t e r  can be h ea ted  to  4 0 0^ in  a i r  w ith o u t 
decom position* A number o f  e l e c t r o p h i l i c  s u b s t i tu t io n  
r e a c t io n s  on th e  te tra c y a n a o y c lo p e n ta d ie n id o  an io n  have 
been re p o r te d , some o f which have been done in  s tro n g ly  
a c id  media* N orm ally th e s e  c o n d itio n s  cannot be employed 
w ith  th e  c y c lo p e n ta d ie n id e  system because of th e  b a s ic i t y  
o f th e  an io n , b u t when tho  b a s i c i t y  o f th e  an io n  i s  reduced  
by tho  p resen ce  o f n i t r i l e  groups s tro n g ly  a c id  c o n d itio n s  
can be used*
I f  an ex o c y c lic  double bond i s  added to  th e  f i v e -  
membered r in g  (X ¥IIa) 6 T f-c leo tro n s  become a v a i la b le  
p ro v id ed  th a t  p o la r i s a t i o n  in  th e  d i r e c t io n  in d ic a te d  by 
(XVIIb) i s  p o s s ib le .  T h is  w i l l  depend on th e  e l e c t r o ­
n e g a t iv i ty  o f th e  atom or group X* JSxamplos o f compounds o f 
typo (XVIl) in  which X i s  an  e le c t ro n  d o n a tin g  atom or 
group a re  known as  c y c lo p e n ta d io n y lid es , and th e se  compounds 
to g e th e r  w ith  th e  8.nalog;ous d ib en so cy c l open tad i enyl id e s  
( f l u o r o n y li de s ) a re  d is c u s s e d  in  d e t a i l  in  P a r t  I ,  S ec tio n  2* 
When X i s  a s t ro n g ly  e le c tro n e g a t iv e  clem ent such a s  oxygen 
m olecu les l e s s  s ta b le  th a n  th e  co rresp o n d in g  cy c lo p en tad ie n es
r e s u l t .  Gy c l  op e n ta d i enone i t s e l f  ( XVI l a ;  X « 0) h as  n o t
36been  i s o l a t e d  and i t  h as  been shown th a t  th e  s im p le r
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oycl.opentaclienoneB pol.yinei*ise too  r a p id ly  to  th e  
co rresp o n d in g  d ic y c lo p e n ta d ie n e  d e r iv a t iv e s  to  be i s o la te d  
at. room te m p e ra tu re .
R e la te d  to  th e  o y c lo p e n ta d ie n y lid e s  a re  th e  oy o lo - 
p e n ta d ie n y lid e n e  d e r iv a t iv e s  in  which th e  h e te ro -a to m  i s  
se p a ra te d  from th e  five-m ernbored r in g  by a  co n ju g a ted  
ch a in  of carbon  atoms a s  in  (XVIII, XIX; X « HE, 0, S ), 
Compounds o f  t h i s  type  have only been p rep a red  and s tu d ie d
•J <7co m p ara tiv e ly  r e c e n t ly .  Thus in  195^ Krohnke p rep a red  
th e  4-cycl.open tad iG nylid .ened ihydropyr.id ine (X V III; .
X= H (o ,0 * -d io h l.o ro b en zy l) ) ,  I t  has s in c e  been suggested^^ 
th a t ,  th e  r e p o r te d  compound m ight in  f a c t  bo a m ix tu re  of 
isom ers co rre sp o n d in g  to  (X V IIl) and (XIX)* A y e a r  l a t e r  
Kursanov  ^ was a b le  to  p re p a re  unam biguously N -b en zy l- 
4 ^ e y o lo p o n ta d ie n y lid e n e - l,4 ^ d ih y d ro p ÿ m d in e  (ZIX, X » HGH^Pb) 
by th e  r e a c t io n  betw een N -benzy lpyrid in ium  c h lo r id o  and 
l i th iu m  c y c lo p e n ta d ie n ide . Any am bigu ity  o f i t s  s t r u c tu r e  
was e lim in a te d  by an a l t e r n a t i v e  s y n th e s is  from l - b e n z y l -  
4-brornopyridinium  brom ide^^*^^ and i t s  d e g ra d a tio n  to  
is o n io o t in ic  ac id*  B oyd^^'^^ has developed  a  f a i r l y  g en era l 
method fo r  th e  p r e p a ra t io n  o f 4 -c y o lo p o n ta d ie n y lid e n e — 
d ih y d ro p y rid in e s  and t h e i r  co rresp o n d in g  in d en y lid en e^^  
and f lu o r enylidene^*'^ analogues# P ro to n a tio n  of th e  co lo u red  
compounds (XX) le d  to  c o lo u r le s s  s o lu t io n s  which wore shown
1 1 .
by .H .Ru. to  c o n ta in  th e  isom ers (ZZa) and (XXb), R ecen tly
Boyd has p re p a re d  a s e r i e s  o f 2 -o y c lo p e n ta d ie n y lid e n e  — H -
m ethyl -  1 ,2  -  d i d r o p y r i d i n e s  (XXl) w ith  m ethyl groups
in  v a r io u s  p o s i t io n s  o f  th e  p y r id in e  rin g ^ '^ . N,Xi.R. s tu d ie s
showed th a t  th e  p ro to n s  o f  th e  3-m ethyl group in  (ZXI, 3-Me)
a re  abnorm ally  de s h ie ld e d  and he has a t t r i b u t e d  t h i s  to  th e
s t e r i c  h in d ran ce  to  c o p la n a r i ty ,  su g g e s tin g  th a t  th e  m olecule
re c e iv e s  in c re a s e d  c o n tr ib u t io n  from th e  d ip o la r  py rid in ium
form (ZXIb, 3-M e). The a n a ly s is  o f tho  E.M.R. s p e c tr a  o f
2 -o y c lo p e n tad i en y lid en e -N -m eth y l-1 , 2 -d ih y d ro p y ri d in e  ( XXII)
and 2 -o y c lo p e n ta d ie n y lid e n e -2 ,3 , 4 , c tra h y d ro p y rro le  (X X IIl)
45h as been d e s c r ib e d  , and th e  b a r r i e r s  to  r o t a t i o n  about 
th e  exooyolio  double bonds in  th o se  compounds have been 
re p o r te d  a s  1 1 ,4  K*cal* and 19*6 K*cal# r e s p e c t iv e ly ,  
in d ic a t in g  a g r e a te r  c o n tr ib u t io n  from th e  d ip o la r  form in  
(X X II).
In  th e  oxygen s e r i e s  no compounds o f type  ( XVIII ;
X -  0 )  have been r e p o r te d .  Of th e  compounds (XIX ; X « o)
some benzo -an a lo g u es have been rep o rted ^^* ^^  w h ile  Lloyd
and Wasson have p rep a re d  cy c lo p en tad ie n y lId en ep y ran s  (XXIV)
by th e  r e a c t io n  of p h en y la te d  d ia so c y c lo p e n ta d ie n e s  w ith  
474 - th io p y ro n e s  . The same method was u sed  to  p rep a re  
cyo l o p e n ta d ie n y li dene th io p y ra n s  (XIX ,X « s )  ♦ O ther
s u b s t i tu te d  c y c lo p e n ta d ie n y lid o n e p y rans have r e c e n t ly  been
12,
p re p a re
The cycl o p e n ta d ie n y li  dene d .e r iv a tiv e s  a re  i s o — e le c t ro n ic
witliL. c y c lo p en tad i eny l i  denehept a tr ie n e . ( s e s q u ifu lv a le n e )  (XXV)
in  which, a five-inem hered r in g  i s  a t ta c h e d  to  a  seven—
memhered r in g .  Theory p r e d ic t s  a la rg e  c o n tr ib n t io n  from,
th e  d ip o la r  form, (XXVb). r e s u l t i n g  in  s t a b i l i s a t i o n ,  bu t. a s
yet; th e  p aren t; eompound h as n o t been i s o l a t e d  although .
some s u b s t i tu te d  sesq u ilu l.v a l.en es  have been prepared^^^
G yclopentad iene condenses, w ith  a ldehydes and k e to n e s
in  th e  p re se n ce  o f a s tro n g  b ase  to  g ive a  c l a s s  o f
compounds known a s  fu lv e n e s  (XVII ; X s? CE^). Most , a s p e c ts
o f  fu lv e n e  ch em istry  have been e x te n s iv e ly  rev iew ed  in c lu d in g
51a v e ry  r e c e n t  rev iew  by Bergmann • The e le c t ro n  a ttr .a ,c tin g
tendency  o f th e  r in g  to; a c q u ire  a s ta b le  s e x te t  o f  I f - e l e c t r o n s
has been  confirm ed by d ip o le  moment measurements* Thus th e
p a re n t compound fu lv e n e  (XVII; X = GE^) , an u n s ta b le
compound w hich r e a d i ly  p o ly m e rise s , has a d ip o le  moment o.f
1*1D^^, and dim e th y l  fu lv en e  (XVII, X GMe^) has a d ip o le
53moment o f  1#48B , These low d ip o le  moments in d ic a te  a
sm all c o n tr ib u t io n  from th e  d ip o la r  form* With s u b s t i tu e n t s
o f e le c t ro n  d o n a tin g  c h a ra c te r  a t  th e  6 - p o s i t io n  th e
c o n tr ib u t io n  o f th e  d ip o la r  form becomes more significant^"^'*  
annno
Thus 6 -d im eth y ^fu lv en e  (XXVl) h as  a  d ip o le  moment o f
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564*5D and th e  p o la r i t y  o f  th e  o zo o y o lic  donblo bond has
been dem onstra ted  by a number o f w orkers who have s tu d ie d
its.h*M*R* spectrum  a t  v a r io u s  tem pera tu res*  Chemical
ev idence f o r  th e  p o l a r i t y  o f th e  ex o o y c lic  double bond in
fu lv e n e s  i s  apparen t, from th e  ease w ith  which th ey  a re
57red u ced  by l i th iu m  alum inium  hyd rid e  , and th e  a d d i t io n
o f  o rg a n o -m o ta llic  compounds to  y ie ld  s u b s t i tu te d
58cy c lo p e n ta d io n e s  *
O ther system s which in v o lv e  th e  cy o lo p en tad io n id o  r in g
a re  th e  a s u le n e s  d e riv e d  from th e  p a re n t hydrocarbon b ic y o lo  -
[ 5 ) 3 ,0  ]  deoapentaene o r azu lone (XXVIIa), and th e  pseudo
agul.enos e*g> (XXVIIb)# Azul.enc ch em is try  has developed
r a p id ly  in  th e  l a s t  tw e n ty -f iv e  y e a rs  and  some e x te n s iv e
59rev iew s have been p u b lish e d  The cy c l open tad i cn i do 
c h a ra c te r  o f th e  fivo-m em borcd r in g  i s  shown by th e  re a d in e s s  
w ith  which i t  undergoes o le o tro p h i l io  s u b s t i tu t io n *
In  th e  ca se  of ferroc .ene^^  (XXVIIl) i t s  p r o p e r t ie s  
s u g g e s t t h a t  th e  o v e ra l l  é le c t ro n  d i s t r i b u t io n  i n  th e  
m olecule i s  such th a t  th e  r in g s  a re  n e a r ly  n e u t r a l  
P erron  ene and i t s  d e r iv a t iv e s  cannot bo c o n s id e re d  p u re ly  
a s  sim ple non—beiiisonoid a ro m atic  compounds#
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2 , 0YGI.0PMTAPIMTL1I)ES ( FltrOBBCtTLIBES & IMDEHyLIDES) ♦
An y l id o  can "bo d e f in e d  a s  a su b stan ce  c o n ta in in g  a 
c a rb an io n  a t ta c h e d  d i r e c t l y  to  a p o s i t iv e ly -c h a rg e d  h e te ro -  
atom , r e p re s e n te d  by th e  g en era l fo rm ula (XXIX)* In c lu d ed  
i l l  t h i s  d e f in i t i o n  a re  y l id e s  which have an e n o la to  . * • '
s t r u c tu r e  (XXX) in  which th e  carbonyl, group can d é lo c a l is é  
th e  n e g a tiv e  charge o f th e  ca rb an io n , a f fo rd in g  g r e a te r  
s t a b i l i t y  upon th e  y lid e *  In c re a s e d  d e lo c a l in a t io n  and 
hence in o re a s e d  s t a b i l i t y  i s  a ls o  ach iev ed  when th e  * -' 
ca rb an io n  i s  p a r t  o f th e  cyc l open tad i ene, fluor.ene or 
indene r in g  system s which have s ta b le  s e x te ts  o f T f^ o le c tro n s ,
The f a c t  t h a t  some y l id e s  a re  s u f f i o ie n t ly  s ta b le  to  
be i s o l a t e d  i s  a d i r e c t  r e s u l t  of d é lo c a l i s a t io n  o f  th e  
non-bonded e le c t ro n s  o f  th e  ca rb an io n . S t a b i l i s a t io n  o f 
th e  ca rb an io n  can be a f fo rd e d  by th e  two ca rb an io n  
s u b s t i tu e n t s  E (XXEZ) a s  in d ic a te d , and a ls o  by th e  h e te ro -  
atom group X (XXIX). The h e te ro -a to m  i t s e l f  can be n i tro g e n , 
phosphorus, a r s e n ic ,  antim ony, su lp h u r , and a ls o  a s  d e s c r ib e d  
in  t h i s  t h e s i s ,  b ism uth and selen ium . I n  th e  c a se s  where 
X i s  an ammonium group i t  i s  g e n e ra lly  assumed t h a t  s t a b i l i s ­
a t io n  o f th e  a d ja c e n t ca rb an io n  only occurs by e l e c t r o s t a t i c  
in t e r a c t i o n  betw een th e  o p p o site  c h a rg e s . S t a b i l i t y  ap p ears  
to, be g r e a te r  however when X i s  a  p y r i  dinium group* T h is
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i s  p ro b ab ly  duo to  s t a b i l i s a t i o n  o f th o  ca rb an io n  by rosonanoc 
in t e r a c t i o n  w ith  th e  p y r i  dinium r in g  (XXXl) a s  w e ll a s  by 
e l e c t r o s t a t i c  in te ra c t io n *  The c h em is try  o f d iazo  compounds, 
b e s t  r e p re s e n te d  by (ZX X Il), i s  such th a t  th ey  can be .. 
c o n s id e re d  a s  s p e c ia l  exam ples o f  n i t ro g e n  y lid e s -  They 
d is p la y  th e  m ic le o p h i l io i ty  and therm al i n s t a b i l i t y  
a s s o c ia te d  w ith  n itro g e n  y l id e s  and in  analogous r e a c t io n s  
a f f o r d  s im ila r  i f  n o t id e n t i c a l  p ro d u c ts . G en e ra lly  d iazo  
compounds a r c  more s ta b le  th an  th e  corresponding'am m onium  
and p y r i  dinium y lid e s*
N itro g en , a f i r s t  row elcm ont w ith  f i l l e d  2 s -  and 3p - . 
o r b i t a l s ,  h as  a s  i t s  n ex t a v a i la b le  empty o r b i t a l  th e  3 s -  
o rb ita l*  The energy o f t h i s  o r b i ta l  i s  too  h ig h  f o r : * 
e f f e c t iv e  o v e rlap  w ith  th o  non-bonded e le c t ro n s  o f  tho  
ca rb an io n  and v a len ce  s h e l l  expansion  o f th e  n itro g e n  
atom cannot o ccu r. In  c o n t r a s t ,  tho  second row elem en ts, 
phosphorus and su lp h u r, w ith  f i l l e d  3 s -  and 3 p - o r b i t a l s ,  
have th e  3 d - o r b i t a l s  a s  t h e i r  n ex t a v a i la b le  empty o rb i ta ls *  
These o r b i t a l s  a re  a t  an on ly  s l i g h t l y  h ig h e r  energy le v e l  
and a re  co n seq u en tly  more a v a i la b le  f o r  o v erlap  w ith  tho  
ca rb an io n  non—bonded e le c t ro n s  r e s u l t i n g  in  c o n s id e ra b le  
s ta b i l i s a t i o n *  The ca rb a n io n  can ta k e  advantage o f th e  
a b i l i t y  o f  th o  phosphorus atom to  expand i t s  o u te r  s h e l l  to  
accommodate te n  e le c t ro n s ;  th e  s t a b i l i s a t i o n  a f fo rd e d  by a
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sulphonium group i s  s im i la r ly  a t t r i b u t e d  to  o v e rlap  o f tho  
ca rb an io n  w ith  th e  v a c a n t, low energy d - o r b i t a l .  There I s  
co n s id e ra b le  ex p e rim en ta l ev idence in d ic a t in g  th a t, 
phosphorus can u se  i t s  3 d -o rb ita l .s  i n  (ÿ-bending  and th e  
pontacQ val.ent phosphorus atom i s  w e ll Icnown# A lthough th e  
involvem ent o f  d - o r b i t a l s  o f  phosphorus in  T f-bond ing  has 
n o t been p roved  th e  pTf—dTf bonding p ro p o sa l a c co u n ts  f o r  
muchi ex p erim en ta l d a ta  and i s  c e r t a in ly  j u s t i f i e d  u n t i l  
p roved  in a d e q u a te , Bzcperimontal. ev idence f o r  d—o r b i t a l  
o v e rlap  in  sulphonium  y l id e s  has been accum ulated  by 
e s tim a tin g  th e  degree to  w hich  s t a b i l i s a t i o n  o f an  a d ja c e n t 
ca rb an io n  i s  due to  c o n ju g a tiv e  in t e r a c t i o n s .  These 
e s tim a te s  have been made a v a i la b le  by com paring th e  p h y s ic a l 
and chem ical p r o p e r t ie s  o f te rn a ry  sulphonium s a l t s  w ith  
iziiose o f q u a te rn a ry  ammonium s a l t s ,  and in v o lv e  th e  
re a so n a b le  assum ption  t h a t  th e  coul.ombic e f f e c t s  o f  th e  
tt7o-groups a re  s im i la r ,  O raig  e t  a l ,^^~^^ have p re d ic te d  
th e o r e t i c a l l y  th a t  a sulphonium  gr.oup should  p ro v id e  
e f f e c t iv e  s t a b i l i s a t i o n  f o r  an a d ja c e n t ca rb an io n  by an 
e le c t ro n —a c c e p tin g  c o n ju g a tiv e  mechanism.
The p r o p e r t ie s  o f a r s e n ic  and antim ony a re  s im ila r  to  
th o se  o f  phosphorus and s im ila r  s t a b i l i s a t i o n  o f an a d ja c e n t 
ca rb an io n  by o v e rlap  o f th e  d—o r b i t a l s  can be ex p ec ted . 
W hether o v e rla p  of th e  4 d -  and 5 d - o r b i t a l s  o f n e u t r a l
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a r s e n ic  and antim ony ro s p o c tiv o ly  can p ro v id e  e f f e c t iv e  
s t a b i l i s a t i o n  i s  u n c e rta in #  However co n v ers io n  o f th e  
an s in o  or s t i b in e  in to  a  q u a te rn a ry  s a l t  w i l l  fo rc e  th e  
c e n tra l, atom to  c a rry  a h ig h  degree o f p o s i t iv e  charge and 
th e reb y  c o n t r a c t  th e  n o rm ally  d i f fu s e  d—o r b i t a l s  such tha t, 
e f f e c t iv e  o v e rlap  w ith  th e  2p—o r b i ta l ,  o f  carbon shou ld  occur#
A lthough cyo l o p en tad i enyl id e s  ( XXXIII ) have on ly  been 
d e s c r ib e d  d u r in g  th e  l a s t  f i f t e e n  y e a rs  tho  analogous 
f l u o r o n y lides (XXXIV) have been known s in c e  I 9I I  when 
S tau d in g er p re p a re d  9-diazofluorene^^(X X X V) # T h is  i s  a  r e d  
s o l id  which m o lts  w ith o u t decom position  a t  95^ # I t  
undergoes many r e a c t io n s  ty p ic a l  o f a n itro g e n  y l id e  su ch .a s  
r a p id  r e a c t io n  w ith  n itro so b o n z e n e ^ ^ '^ ^  a t. room tem p era tu re  
to  a f f o rd  a n i t r o n e ,  and r e a c t io n  w ith  oarbenes^^ to  y ie ld  
th e  co rresp o n d in g  m ethylene f lu o ren es#  Thus th e  d iazo  
compound m ust be a c t in g  a s  a n u c le o p h ile  and th e re fo r e ,  
e s s e n t i a l l y ,  a s  an y lid e #  S tau d in g er a ls o  found th a t
69diazofL uorene r e a c t s  a d d i t iv e ly  w ith  tr ip h e n y lp h o sp h in c  
to  fo rm 'a  phosphazine (XXX\Tl), a  r e a c t io n  o f s t a b i l i s e d  
d iazo  compounds which h as  become w e ll known s in c e  t h i s  
rep o rt#  9'^ÜC'Zofluorene a l s o  undergoes numerous r e a c t io n s  
i n  which th e  l o s s  o f  n i t ro g e n  i s  in v o lv e d  and some o f th e se  
r e a c t io n s  w i l l  be d is c u s se d  in  S ec tio n  3 , P a r t  I*
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In g o ld  and Je sso p  p re p a re d  ^ -d im e s -u L lp h o n i im  ( XXXIVj
70X » f lu o re n y lid e . | a  compound w hich-has s in c e  heen
71s tu d ie d  hy Johnson  and LaCcunt , hy th e  a c t io n  o f acuoous
sodium hydr.oxide on f lu o re n y ld im e th y l sulphonium bromide#
T h is  p r e p a ra t io n , tre a tm e n t o f an *oni urn s a l t  w ith  a  s u i ta b le
b a s e , i s  an example o f  th e  most g en e ra l method f o r  th e
p re p a ra t io n  o f y l id e s  and h as been c a l l e d  th e  * s a l t  method*#
The same w orkers were u n ab le  to  i s o l a t e  t r im e th y l-
7Pamm oni um fluor eny l id e  ( XXXIV ; X ~ 5 in  acco rd  w ith
e a r l i e r  d is c u s s io n  i t  was much l e s s  s ta b le  th an  th e
co rresp o n d in g  sulphonium y lid e #  In  f a c t  i t  cou ld  only  be
7 ip re p a re d  under n i tro g e n  * * S im ila r  i n s t a b i l i t y  was found
f o r  9“Py3?idiniuiTi f lu o re n y lid e ^ ^  ( XXXIV| X « ) a lth o u g h
76 77some of i t s  r e a c t io n s  have been s tu d ie d  * and th e  d ip o le
tjpmoment o f th e  crude y l id e  ha,s been r e p o r te d  a s  4*13 D ,
a v a lu e  which seems to o  1 ow compared w ith  o th e r  f 1u o re n y l ides ,
I n t ro d u c t io n  o f an e le c tro n -w ith d ra w in g  group in to  th e
f lu o re n e  p o r t io n  o f th e  m olecule w i l l  s t a b i l i s e  th e  r e s u l t i n g
y l id e  and p y rid in iu m  2- n i t r o - f lu o r e n y l ide has been i s o l a t e d
7Qas  a b lu e -g re e n  s o l id  ^ s ta b le  in  th e  absence o f a i r  and 
l ig h t#
A number o f phosphonium f lu o re n y l id e s  have been p rep ared  
by th e  s ta n d a rd  s a l t  method and t h e i r  chem ical and p h y s ic a l 
p r o p e r t ie s  s tu d ied #  T rip h en y lphosphonium f lu o r en y lid e^ ^  
(XXXVIl), a  s ta b le  h ig h  m e ltin g  s o l id ,  has a d ip o le  moment
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o f 7 ,0 9  D su g g e s t in g  th a t  th e re  a re  n e a r ly  equal c o n tr ib u t io n s  
from th e  d ip o la r  and c o v a le n t forms* Johnson and haCount 
have made an i n t e r e s t i n g  com parative study*^^ of th e  t r ip h e n y l -  
and t r i - n —butylphosphonium  f lu o r e n y l ! de s . Whereas th e  
tr ip h e n y l  y l id e  was s ta b le  and m elted  a t  259^ th e  t r i b u t y l  
y l id e  {XKXSflll) m elted  a t  124^ and was slow ly  d eco lo o riso d  on 
exposure to  th e  atm osphere# The pK^* s o f th e  two y l id e s  
determ ined  s p e c tro s c o p ic a l ly  in  31% w a te r/d io x an  in d ic a te d  
th a t  th e  t r ip h e n y l  y l id e  (pK^ = 7*5) was l e s s  b a s ic  and th u s  
l e s s  n u c le o p h il ic  th an  th e  t r i b u ty l  y l id e  (pIC a 8#0)# The 
g r e a te r  n u c le o p h i l io i ty  o f  th e  t r i b u t y l  y l id e  was confirm ed 
by com paring th e  r e a c t i v i t y  of th e  two y l id e s  w ith  carbonyl 
compounds# The t r i b u t y l  y l id e  reach ed  f a s t e r  w ith  arom atic  
a ld eh y d es and a l s o  r e a c te d  w ith  a c t iv a te d  a ro m atic  k e to n es  
w ith  which th e  tr ip h e n y l  y l id e  d id  n o t re a c t*  The co n c lu sio n  
drawn from th e s e  r e s u l t s  was th a t  th e  tr ip h e n y lp h o  sph onium 
group i s  b e t t e r  a b le  to  d é lo c a l is é  th e  n e g a tiv e  charge of 
th e  ca rb an io n  th a n  i s  th e  tr ib u ty lp h o sp h o n iu m  group# In  
o th e r  words, th e  3 d - o r b i t a l s  of th e  t r ip h e n y lphosphonium 
group must p ro v id e  b e t t e r  o v erlap  w ith  th e  f i l l e d  2 p - o rb i ta l  
o f th e  ca rb an io n  th an  th e  3d—o r b i t a l s  o f th e  t r i b u t y l -  '' 
phosphonium g roup . The d ip o le  moments = 7*09 D ( t r i  phenyl 
y l id e )  and 7*39 b ( t r i b u t y l  y l id e )  suggest t h a t  th e re  i s
more double bond c h a ra c te r  in  th e  carbon—phospliorus bond
20.
o f th e  tx*iphenyl y l id e  th a n  in  th a t  o f  th e  t r i b u t y l  y l id e
82which i s  c o n s is te n t  w ith  t h i s  co n c lu s io n  •
Johnson h as a ls o  made a d e ta i le d  exam ination  o f th e  
chem ical and p h y s ic a l p r o p e r t ie s  o f  t r ip h e n y larsonium  
f lu o re n y lid e ^ ^  (XXXIX) and he has compared th e se  w ith  th e  
p r o p e r t ie s  o f (XXXVIl)* The arsonium  y l id e  was a p a le  
y e llow  c r y s t a l l i n e  compound, m e ltin g  p o in t  1 9 0 ^ 
which was slow ly  h y d ro ly sed  a f t e r  s ta n d in g  exposed to  th e  
atm osphere f o r  abou t one month. I t s  pK determ ined  
s p e c tro s c o p ic a l ly  was 7*8 compared w ith  7*5 fo r  th e  analogous 
phosphonium y l i d e .  A com parative s tu d y  o f th e  r e a c t i v i t y  
o f (XXXIX) and ( XXXVIl) w ith  carbonyl compounds was c a r r ie d  
out and i t  was found th a t  th e  arsonium  y l id e  was more 
r e a c t iv e  th a n  th e  phosphonium y lid e*  The co n c lu s io n  reach ed  
from th e se  and o th e r  p h y s ic a l and chem ical p r o p e r t ie s  i s  
th a t  t r i  p h en y la r  s onium f lu o re n y lid e  i s  more b a s ic  th an  th e  
phosphonium analogue and th a t  (XXXIXb) c o n tr ib u te s  more to  ' 
th e  a c tu a l  s t r u c tu r e  o f th e  arsonium  y l id e  th an  does 
(XXXVIIb) to  th e  a c tu a l  s t r u c tu r e  of th e  phosphonium y l id e ,  
W itt ig  and L aib  have p rep ared  tr im e th y larsonium  
f lu o re n y lid e ^ ^  b u t i t  was handled, e n t i r e l y  in  s o lu t io n  
and was n o t is o la te d *  The same w orkers a ttem p ted  to  p rep are  
th e  stibonium  analogue b u t cou ld  only  i s o l a t e  b i f l u o r enyl 
from th e  r e a c t io n  m ix tu re .
2 1 .
The f i r s t  such cy c lo p eu tad ie u e  d e r iv a t iv e  to  he 
r e p o r te d  was th e  rem arkab ly  s ta b le  d ia zo cy c lo p en tad ie n e  (XL) 
p re p a re d  by t r e a t i n g  cy c lo p en tad i enyl l i th iu m  w ith  
p -to lix en esu lp h o n az id e^^ . A re c e n t m o d if ic a tio n  o f t h i s  method^^ 
in v o lv e s  th e  tre a tm e n t o f  cy o lo p en tad ien e  and p^—to lu e n e -  
su lphonazide  w ith  a s u i t a b le  base  such a s  d ie th y la m in e .
87P h en y la ted  d ia so c y c lo p e n ta d ie n e s  have bean s im i la r ly  p rep a red , 
b u t a  s u p e r io r  method h as  been re p o r te d  by H eg itz  and 
L ied liegener in  which a su sp en sio n  o f th e  d iene in  a o e t o n i t r i l e  
i s  t r e a te d  w ith  p - to lu e n e su lp h o n a z id e  in  th e  p re sen ce  o f 
p ip e r id in e ^ ^ . T h is  method g iv e s  alm ost q u a n t i ta t iv e  y ie ld s
89of th e  r e q u ir e d  p h en y la te d  d ia z o cy c lo p en tad ie n e . T e tra c h lo ro -  
and te tra c y a n o d ia z o c y c lo p e n ta d ie n e s  (XLl) have a ls o  been 
p re p a re d . In  th e  l a t t e r  compound th e  s t a b i l i s i n g  power of 
th e  cyano g roups coup led  w ith  th a t  o f th e  6 T f"-electron  
c y o lo p e n ta d ie n ide system a re  th e  m ajor f a c to r s  in  d e te rm in in g  
which re so n an ce  form, (X b la) or (X LIb), w i l l  c o n tr ib u te  
most to  th e  s t r u c tu r e .  W ebster su g g e s ts  t h a t ,  w ith  th e  h ig h  
d ip o le  moment ( H .4 4  B) and i t s  s t a b i l i t y  to  a c id  c o n d itio n s  
( i t  can be re c o v e re d  from c o n c e n tra te d  su lp h u r ic  a c id  
s o lu t io n s ) ,  te tra c y a n o d ia z o c y o lo p e n ta d ie n e  behaves a s  a
23diazonium  compound r a th e r  th an  a d iazo  compound *
The a ro m a tic  c h a ra c te r  o f d ia zo cy c lo p en tad ie n e  has been 
confirm ed b o th  by i t s  p h y s ic a l and i t s  chem ical p r o p e r t ie s .
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The .ii»‘î4 E spectrum  c o n s is ts  o f two e q u iv a le n t un sym m etrical
q u a r te t s  co rre sp o n d in g  to  an system , w ith  chernica,!
s h i f t s  of 3 # 3 T  and 4 .^ 2 'T ^ ^  o r 3 .3 8 T  and 4*14"T^^, The
a b s o rp tio n  a t  3#3% has been a s s ig n e d  to  th e  p ro to n s  a t  th e
2 , 5*~positions s in c e  th e  e le c tro n -w ith d ra w in g  d iazo  group
e x e r t s  a s tro n g e r  desh ie ld -in g  in f lu e n c e  on th e se  p o s i t io n s .
D iazo cy c lo p en tad ien e  r e a d i ly  undergoes e l e c t r o p h i l i c
s u b s t i tu t i o n  r e a c t io n s  w ith  e .ttack  o ccu rin g  p r e f e r e n t i a l l y
a t  th e  2 ,5>~positions presum ably because a more s ta b le
t r a n s i t i o n  s t a t e  i s  in v o lv e d  a t  th e se  p o s i t io n s ^ ^ .
2 ;3 ,4 —TriphenyldiaBOoyclopentadiene a ls o  undergoes a number
o f e l e c t r o p h i l i c  s u b s t i tu t i o n  r e a c t io n s ;  p ro to n a tio n  in
s tro n g  a c id  h as been shown from th e  spectrum  to  tak e
87p la c e  a t  th e  ^ ^ p o s it io n  ,
D iazo cy c lo p en tad ien es , w ith  th e  ex c ep tio n  o f 2 ,5 —d r -  
p h en y ld iaz o cy c lo p en tad ien e4 ^ , r e a c t  a d d i t iv e ly  w ith  t r ip h e n y l -  
phosph ine , to  form th e  co rresp o n d in g  phosphazines* The 
therm al or l i g h t  induced  decom position  o f d ia zo cy c lo p e n tad ie n e s  
to  form carbones as  in te rm e d ia te s  i s  w e ll known and some o f 
th e s e  r e a c t io n s  a re  m entioned in  th e  n e x t s e c t io n .
In  1955  L loyd and -Sneezum p re p a red  p y r i  dinium cy c lo — 
p e n ta d ie n y lid e ^ ^  (XIjII) by th e  a c t io n  o f p y r id in e  on dibromo— 
cy c lo p en ten e  and tre a tm e n t o f th e  r e s u l t i n g  s a l t  w ith  
a l k a l i .  I t  i s  a c r y s t a l l i n e  s o l id  w hich ap p ea rs  to  be s ta b le
23,
i n d e f i n i t e l y  i f  k ep t under n itro g en *  The same w orkers^^ 
p re p a re d  th e  te t ra p h e n y l analogue (X L IlJ by r e a c t io n  of 
p y r id in e  w ith  5“brom o-l , 2 , 3 , 4*^tetraphenyl cy c l op en tad i ene 
and subsecpient tre a tm e n t w ith  a lk a l i*  Ho y l id e  co u ld  be 
i s o l a t e d  when 2-m e th y l-  or 2 ,6-dim e th y l p y r i  d in e s  were used , 
presum ably owing to  s t e r i c  h in d ran ce  betw een th e  oC-methyl 
and phenyl groups* When 1-brom oindene was t r e a te d  in  th e  
same manner a  m a te r ia l  which gave on ly  a t r a n s i e n t  b lu e  
c o lo u r  in  ch lo roform  was o b ta in e d /^ . Thus, lik©  th e  
co rresp o n d in g  f lu o re n y l id e ,  py rid in ium  in d e n y lid e  ap p ears  
to  be u n s ta b le*  The p y rid in iu m  o y c lo p e n ta d ie n y lid e s  a re  
in te n s e ly  co lo u re d  and th e  co lo u rs  o f t h e i r  s o lu t io n s  in  
v a r io u s  s o lv e n ts  depend on th e  p o la r i t y  o f th e  so lv en ts*
Ko sower and Hamsey^^ s tu d ie d  th e  u l t r a - v i o l e t  and v i s i b l e  
spectrum  o f (X L Il) in  a v a r i e ty  o f s o lv e n ts  and a s c r ib e d  
a band a t  $000 S. to  in tra -m o le c u la r . charge  tra n s fe r*
The pK^ o f th e  . y lld o -c o n ju g a te  a c id  was found..: t o . be ,10*0 
and i t s  d ip o le  moment h a s  .been r e p o r te d  a s  13*5
S h o rtly  a f t e r  L loyd and Sneezum* s d e s c r ip t io n  o f (X LIl) 
th e  co rresp o n d in g  tr im  e th y l ammonium— (îCLIV) and t r i  phenyl-  
phosphonium c y c lo p e n ta d ie n y lid e s  (XLV)^^ were r e p o r te d .
The trimethylammonium y l id e  decomposes on p ro longed  c o n ta c t 
w ith  a i r  w hereas th e  phosphonium y l id e  ap p ea rs  to  be s ta b le  
in d e f in i te ly *  The l a t t e r  compound i s  rem arkab ly  u n ro a c tiv e
24*
b e in g  u n a f fe c te d  by b o i l in g  a lc o h o lic  po tassium  hydrox ide and
99i n e r t  to  carbony l compounds in  th e  W itt ig  r e a c t io n ^ ^ . Oda e,t.
have p re p a re d  tripheny lphosphon ium inden jriide  and
compared i t s  r e a c t i v i t y  w ith  th e  analogous f l u  or enyl id e  and
c y c lo p e n ta d ie n y lid e  tow ards d io h lo ro c a rb e n e . The f lu o re n y lid e
gave a 44%* y ie ld  o f o le f in ,  th e  in d e n y lid e  , and th e  cy c lo —
p e n ta d ie n y lid e  d id  n o t r e a c t .  They su g g ested  th a t  t h i s  i s  due
to  th e  r e l a t i v e  d i f f i c u l t y  in  th e  l o c a l i s a t i o n  o f one e le c t ro n
p a i r  on th e  (X-carbon atom and th a t  t h i s  e x p la in s  th e  in e r tn e s s
o f  (XLV) in  th e  W itt ig  re a c tio n *
D im eth y lsu lp h o n iu m cy c lo p en tad ien y lid e  (XLVl) has been
r e p o r te d  r e c e n t l y ^ a n d  h as  a d ip o le  moment o f 5»7 B compared
w i th  6*99 B f o r  t h e  c o r r e s p o n d i n g  phosphonium  y l i d e *  T h is
in d ic a te s  a  l a r g e r  c o n tr ib u t io n  from th e  co v a len t form in  (XLVl).
Many e l e c t r o p h i l i c  s u b s t i tu t io n  r e a c t io n s  have boen c a r r i e d
out on th e  o y c lo p en ta d ien y lid e s*  The pyrid in ium , t r  imethylamm onium,
88 97 102and triphonylphosphonium  y l id e s  can be brorn inated  ,
th e y  couple w ith , diazonium  s a l t s ^ ^ ’^ ^ ’ , and th e  t r ip h e n y l -
103phosphonium y l id e  has been fo rm y la ted  and a c e ty la te d
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3 . SâSSESS-
S everal rev iew  a r t i c l e s ^ ^ ^  and m onographs^^^’^^^ have 
been  p u b lish ed  co n cern in g  m ost a s p e c ts  o f carbene chem istry* 
T h is  s e c tio n  g iv e s  a b r i e f  in tro d u c t io n  to  th e  e le c t ro n ic  
s t r u c tu r e  and fo rm a tio n  o f carbones, and e s p e c ia l ly  th e  
r e a c t io n s  o f ca rb en acy c l o p en tad i ene s and 9*"Carbenafluorene, 
and f i n a l l y  th e  fo rm a tio n  o f y l id e  in te rm e d ia te s  in  carbene 
re a c tio n s *
( i )  E le c tro n ic  S tru c tu re  o f Carbones*
The s t r u c t u r a l  problem s o f carbones a re  in c re a s e d  by th e  
f a c t  th a t  th e re  a re  ttvo r e l a t i v e l y  lo w -ly in g  e le c t ro n ic  
s t a t e s .  C o n s id e rin g  carbene (CH^) a s  th e  s im p le s t member of 
th e  s e r ie s ,  i t  i s  o b v io u sly  e l e c t r o n - d e f ic i e n t  s in c e  carbon 
atoms have fo u r  low -energy  bonding o r b i t a l s .  Two of th e se  
o r b i t a l s  a re  u sed  by th e  fo u r  0-H bonding  e le c t ro n s  le a v in g  
two more f o r  o ccu p atio n  by th e  two non-bonding e le c t r o n s .  I f  
th e  rem ain ing  two o r b i t a l s  a re  e q u iv a le n t,  th e  e le c t ro n s ,  
a c co rd in g  to  Hund^s r u l e s ,  shou ld  be a s s ig n e d  to  d i f f e r e n t  
o r b i t a l s  w ith  p a r a l l e l  s p in s .  A l te rn a t iv e ly ,  i f  th e  two 
a v a i la b le  o r b i t a l s  a re  n o t d eg en era te  th e  e le c t ro n s  would be 
ex p ec ted  to  occupy th e  o r b i t a l  o f low er energy w ith  sp in -  
p a i r in g .  The s p e c ie s  w ith  u n p a ire d  sp in s  would have a n e t 
e le c t ro n ic  sp in  an g u la r  momentum of u n i ty  and would th e re fo re  
be a  t r i p l e t  s t a t e .  The sp e c ie s  w ith  s p in -p a ire d  non-bonding
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e le c t ro n s  would be a s i n g l e t  s t a t e .  ïlie  r e la t io n s h ip s  a re . finN—PI ■WWW ri
Bhow,n in  Pig* 3*1* T r ip le t  carbene would c o n ta in  l i n e a r
sp -h y b r id ise d  carbon-hydrogen  bonds w ith  th e  u n p a ire d  e le c t ro n s
in  two o rth o g o n al p - o r b i t a l s  (Pig* 3*2)* S in g le t  carbene i s
2most l i k e l y  to  have a o o n f ig u ra tio n  in v o lv in g  sp - h y b r id i s a t io n
112o f th e  carbon atom w ith  th e  p a ire d  non-bonding e le c t ro n s
2occupying one o f  th e  sp h y b rid  o r b i t a l s  and le a v in g  th e  
carbon  atom w ith  a v acan t p - o r b i t a l  (P ig . 3*3)•
The problem  which a r i s e s  from th e  p o s s i b i l i t y  o f two 
lo w -ly in g  e l e c t r o n ic  s t a t e s  f o r  ca rb en es i s  to  d ec id e  tho  
n a tu re  o f th e  ground s ta te *
R ecen tly  e le c t ro n  sp in  resonance m easurem ents have been 
u sed  to  c h a r a c te r i s e  th e  ground s t a t e s  o f  a ry l  carbenes*
113T his tech n iq u e  has in d ic a te d  th a t  ca rb en acy c lo p en tad io n e  
( P i g , , 3 , 4 ) and ^ -ca rb en a flu o re n e^ ^ ^  (P ig .  3*5) have t r i p l e t  
ground s t a t e s .  In  th e se  two ca rb en es , which a re  s tru c tu red ly  
s im ila r ,  s t e r i c  s t r a i n  o f th e  carbone carbon  atom w i l l  p r o h ib i t  
a l i n e a r  s p -h y b rid  s t r u c tu r e ,  and most l i k e l y  a s p ^ -h y b rid is e d  
s t r u c tu r e  w i l l  be ad o p ted ,
( i i )  ZQm a± iQ rL ..q O art.en §-g;.
Ttfo common ty p e s  o f ca rb en e-fo rm in g  r e a c t io n  a re  th e  
therm al or p h o to ly t ic  decom position  o f d ia ao a lk an es  and k e to n e s , 
and b a s e -c a ta ly s e d  o c -e lim in a ,tio n  r e a c t io n s .  An example of 
t h i s  l a t t e r  method i s  th e  fo rm atio n  o f d ich lo ro ca rb o n e  from
27-
chloroform  and b ase  ( u s u a l ly  potassium  t e r t . - b u to x i d c ) .
The method used  to  decompose a p a r t i c u l a r  d iazo  compound 
w i l l  g e n e ra lly  depend on i t s  s t a b i l i t y .  Thus sim ple 
d ia z o a lk an es  such a s  diazom ethane and d iazopropane a re  b e s t  
decotnposod p h o to ly t io a l ly  owing to  t h e i r  ex p lo s iv e  natu re*  
However f o r  th e  more s ta b le  d iazo  compounds such a s  d ip h e n y l-  
d iazom ethane, 9—d ia z o f iu o re n e  and th e  p h en y la ted  d ia z o c y c lo -  
p e n ta d io n e s , the rm al decom position  i s  o f te n  th e  p r e f e r r e d  
r o u te  to  th e  co rre sp o n d in g  ca rbene . T em peratures in  th e  
range  60-180^ - a re  u s u a l ly  r e q u ire d  f o r  decom position  depending 
on th e  p a r t i c u l a r  d iazo  compound*
( i  i  i  ) Carb  ena c y c lop  en t  a d i ene s and 9 - carb.enaf lu o re n e *
The r e a c t io n s  o f ca rb en es  f a l l  in to  two main c a te g o r ie s ,
nam ely, i n s e r t i o n  and a d d i t io n  re a c tio n s*  I n s e r t io n  r e a c t io n s
o f ca rb en es occur a t  a s a tu ra te d  G-H or C-Gl bond, w h ile
a d d i t io n  r e a c t io n s  occur m ain ly  w ith  ca rbon -carbon  double bonds
le a d in g  to  th e  fo rm a tio n  o f cyclopropane d e r iv a tiv e s *  The
a d d i t io n  o f e l e c t r o p h i l i c  carbenes to  h e te ro -a to m s w ith  a
lo n e  p a i r  o f  e le c t ro n s  to  form y l id e  in te rm e d ia te s  i s  d isc u sse d
la te r *  For b o th  a d d i t io n  and in s e r t io n  r e a c t io n s  th e  e le c t r o n ic
115n a tu re  o f th e  carbene d e te rm in es  th e  r a t e  and s te re o c h e m is try  
and t h i s  a s p e c t  o f some r e a c t io n s  o f c a rb en acy c lo p en tad ien es
and 9 -c a rb e n a flu o re n e  has been stud ied*
3L wL<The p h o to ly s is  o f d ia zo cy c l op en tad i exxe in  cyclohexane 
to  g ive  i n s e r t i o n  p ro d u c ts  was th e  i n i t i a l  ev idence o f th e
28.
fo rm atio n  o f oarbenaoyc lo p e n ta d ie n e  a s  an in te rm e d ia te .
S ubsequen tly  th e  d iazo  compound was p h o to ly sed  in  v a rio tie  
117m a tr ic e s  at- low te m p e ra tu re s  b u t ex cep t f o r  ev idence o f
th e  fo rm a tio n  o f fu lv a le n e  th e  e le c t ro n ic  s p e c tra  were aiTibiguous,
bow tem p era tu re  p h o to ly s is  coupled  w ith  35. SÆ* o b se rv a tio n
however dem onstra ted  th a t  th e  carbene i s  a t r i p l e t  in  i t s  
113ground s t a t e  • U n fo r tu n a te ly  th e se  e le g a n t experim en ts
a llo w  no c o n c lu s io n s  a s  to  th e  id e n t i t y ,  ohemioal p ro p e r t ie s
or sp in  m u l t i p l i c i t y  o f  th e  i n i t i a l  in te rm e d ia te  d e riv e d
from th e  p h o to - e x c i ta t io n  o f  d iazo cy c l o p e n ta d i0110»
Moss h as done oxporim ents^^^ in  which he decomposed
d ia zo cy c lo p en tad ie n e  p h o to ly t io a l ly  in  v a r io u s  s a tu r a te d  and
u n s a tu ra te d  h y d ro carb o n s. The p ro d u c ts  and mode o f t h e i r
fo rm a tio n  su g g ested  th a t  ca rb en acy c lo p en tad ien e  was r e a c t in g
in  th e  s in g le t  s t a t e .  In  s im ila r  r e a c t io n s  w ith  tc tra c h l.o ro —
119d i a, zocy c l o p en tad i ene McBee ' has s a id  th a t  th e  in te rm e d ia te
carbene shows t r i p l e t  c h a ra c te r  owing to  th e  n o n - s te ro o s p e c if ic
112  ‘a d d i t io n  to  o le f in s .  He ag reed  w ith  S k o l l ’ s p o s tu la te
t h a t  s te re o B p e c if ic  a d d i t io n  in d ic a te s  a s in g le t  s t a t e  b u t
co n s id e red  t h a t  th e  c o r o l la r y ,  th a t  n o n -s to re o s p e o if ic  a d d i t io n
in d ic a te s  a  t r i p l e t  s t a t e ,  iB n o t ju s t i f i e d *  b u r r  and 
121Soheppers have found t h a t  s te r e o s p e o if io  a d d i t io n  does 
occur fo r  c a rb e n a te tra p h e n y lc y c lo p e n ta d io n e  and th a t  t h i s  
in d ic a te s  s in g l e t  c h a ra c te r#  T his carbene was a l s o  found to
P l a t e  lO
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122i n  8 o r  t  in  m esiiy len e*  ^ —Garb onaf 1 n o r on e has a t r i p l e t
ground s t a t e  a s  shown by k , 8 ,E . measnromonts^^^* I t s  r e a c t io n s
w ith  o lo f in s  a l s o  in d ic a te  th a t  th e  r e a c t in g  sp e c ie s  i s  in  a
12^t r i p l e t  s ta te #  M o ritan i et#  a l # have shown t h a t  th e  carhene 
adds n o n - s to r e o s p e c i f ic a l ly  to  d ie th y l  rnaloato ( o i^ - o le f in )  
and d ie tiijrl fu m a la te  ( t r a n s - o l e f i n ) # Althougli l ig h t- in d n c o d
s te re o is o m e r is a t io n  was re p o r te d  to  occur when £is*~ and
124t r a n s - h u tenes were u sed  a s  o le f in s  , t h i s  co m p lica tio n
125Was n o t found in  th e  above case
In  c o n c lu s io n  i t  i s  obvious th a t  much a d d i t io n a l  s tudy  
i s  r e q u ire d  b e fo re  com prehensive g e n e ra l i s a t io n s  co n cern in g
th e  c h a r a c t e r i s t i c  r e a c t i v i t y  of s in g l e t s  and t r i p l e t s  can be 
w arranted#
( iv )  Y lide I n t e rm edia t es i n Carbone R e a c tio ns#
I t  seemed l i k e l y  th a t  th e  o le c t r o p h i l i c  carbones would
a t ta c k  a h e te ro -a to m  w ith  an a v a i la b le  lo n e  p a i r  o f e le c t ro n s
to  form an y lid e #  There i s  s tro n g  ev idence  fo r  in s e r t io n
r e a c t io n s  p ro cee d in g  v ia  y l id e  in te rm e d ia te s  f o r  some ca rb o n e-
amine r e a c t io n s .  Carbone r e a c t s  w ith  N -m e th y lp y rro lid in e  in
a n o n - s p e c if ic  mannor^^^ to  g ive a  number of p ro d u c ts  w hereas
1 pvw ith  p y r id in e  i t  g iv e s  an 83^ 3 y ie ld  o f  C K -piooline (3*6) #
The w ell known *oarbylam ine rea c tio n *  which in v o lv e s  t r e a t i n g  
a p rim ary  amine w ith  ch lo roform  and s tro n g  base  p ro ceed s 
v ia  an y l id e  in te rm e d ia te  (3*7)* One o f th e  e a r l i e s t  known
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r e a c t io n s  o f 9 -o a rb e n a f ln o re n e  in v o lv e d  th e  fo rm a tio n  o f an 
y l id e  in te rm e d ia te  hy a t t a c k  on hen% yldim othylam ine which
128th e n  underw ent a  S tevens rearrangem en t ( 3 . 8) .  Schw eiaer
h as  s tu d ie d  th e  deoxygenation  o f  some p y r id in e  ^ -o x id e s  u s in g
129d ia z o flu o re n o  in  honaene # Amongst h i s  p ro d u c ts  ho i s o l a t e d  
a  high, y i e ld  o f th e  k e ta z in e  (XLVIl) which he concluded  was 
form ed from r e a c t io n  o f th e  y l id e  in te rm e d ia te  (XLVIIl) w ith  
more o f th e  o r ig in a l  d ia z o f lu o re n o , Schwoizor su g g ested  th a t  
(X LV Ill) i s  form ed from 9*“®ur'bonafluorono and p y r id in e  and 
t h i s  i s  su p p o rted  hy th e  f a c t  th a t  when 2 ,6-dim e th y l  p y r id in e  
jT -oxide i s  u sed  th e re  i s  an in c re a se d  y ie ld  o f b if lu o re n c  
(XLIX) and a d ec re ase d  y i e ld  o f k e ta z in e .  In  o th e r  words th e  
r e a c t io n  o f 2 , 6 ~ d im e th y lp y rid in e  w ith  9 -c a rh en a flu o re n o  i s  
r e ta rd e d  due to  th e  s t o r i c  h in d ran ce  o f th e  m ethyl groups*
H is suggested  r e a c t io n  p a th  (3*9)^^^ I s  shovm sc h e m a tic a lly  on 
P la te  11.
The f i r s t  d e l ib e r a te  a ttem p t to  p re p a re  an y l ld o  from a
130carbone was c a r r i e d  out in  I 96O when S p ez ia lo  tra p p e d  
d io h lo ro ca rb e n e  w ith  tr ip h e n y lp h o sp h in e  to  a f fo rd  a yellow  
su spension  o f th e  y l id e  ( l ) .  Ho confirm ed th e  p re sen ce  of 
( l )  by add ing  benzophcnono to  th e  s o lu t io n  and i s o l a t i n g  
l , l-d ic i i lo ro -2 ,2 " d ip h e n y le th j le n e (3 « 1 0 ) .  S h o rtly  a f t e r  t h i s  
r e p o r t  analogous r e a c t io n s  wore c a r r ie d  out by S e y fe r th  
e t . ml. ^31  and W itt ig  and S o liloescr^^^ . jtranzon and W ittig^^^
31.
have found t h a t  trimethylammoniximmothylide d i s s o c ia te s  to  
tr im e th y lam in e  and carhene s in c e  th e  l a t t e r  cou ld  ho tra p p e d  
w ith  cyclohexenG to  a f f o r d  n o ro aran e . They a ls o  found th a t  
a d d i t io n  of tr ip h e n y lp h o sp h in e  and honzophpnone in  p la ce  o f 
oyclohexene a f fo rd e d  d ip h en y l e th y len e  ( 3 ®ll)  presurnahly. v ia  
th e  in te rm e d ia te  fo rm a tio n  o f th e  y l id e  ( h i ) #
In  a l l  exam ples c i t e d  th e  in te rm e d ia te  y l id e s  have n o t 
been capab le  o f i s o l a t i o n  owing to  t h e i r  h igh  r e a c t i v i t y .
Most o f P a r t  I I  and P a r t  I I I  of t h i s  t h e s i s  co n cern s th e  
p re p a ra t io n  and i s o l a t i o n  o f a  number o f new o y c lo p e n ta d io n y lid e s  
by th e  therm al decom position  o f d ia z o te tra p h c n y lo y c lo p e n ta d ie n e  
in  th e  p rese n ce  of s u i t a b le  n u c lo o p h ilic  re a g e n ts ,  to g e th e r  
w ith  an in v e s t ig a t io n  o f t h e i r  p ro p e r tie s *
PART II
DISCUSSION 
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( i )  Thermal decom position  of. 2*3 «4» ^ - te tra p h e n y ld la a o c .y c lo -- 
p en tad ien e
138Some p re lim in a ry  work by Band, L loyd, and Masson had 
shown th a t  2 ;3 ,4 ,5 - te tra p h en y ld iaB O c y o lo p G n tad ie n e , when 
h e a te d  to  r e f lu x  in  p y r id in e ,  gave a  b lu e  s o lu t io n  which 
ap p eared  to  c o h ta in  p y rid in iu m  2 ,3 ;4 ,5 * te tra p h e n y lo y c lo p e n ta -  
d ie n y lid e  ( l ) *  The body o f  t h i s  t h e s i s  i s  concerned  w ith  th e  
in v e s t ig a t io n  o f th e  r e a c t io n  o f 2 ,3 ,4 ,5 ^ te trà p h e n y ld ia z o -  
cy o lo p en tad ien e  w ith  compounds c o n ta in in g  a h e te ro -a to m  w ith  
a lo n e  p a i r  o f e le c t ro n s  to  g ive y l id e s ,  and th e  study  o f 
th e  p r o p e r t ie s  and r e a c t io n s  o f th e se  y l id e s .
The p r e p a ra t io n  o f 2 ,3 |4 ,5*"fef3?aphenyl- and 2 ,3»4 - t r i ­
phenyl d ia z o c y c lo p e n ta d ie n e s  h as  been d e sc r ib e d  in  th e  
l i t e r a t u r e ,  b u t d u rin g  th e  course  o f t h i s  work a su p e r io r  method 
was re p o r te d  by R e g itz  and L iedhegener^^ . The method in v o lv e s  
tre a tm e n t o f a su spension  o f th e  co rresp o n d in g  cy o lo p en tad ien e  
i n  a c e t o n i t r i l e  w ith  ^ - to lu e n e su lp h o n y lh y d ra z in e  and 
p ip e r id in e .  M ild  c o n d itio n s  a re  used  and a f t e r  th re e  hours 
a h ig h  y ie ld  o f  th e  d iazo  compound i s  o b ta in ed . E xperim en ta l 
d e t a i l s  w ith  m inor m o d if ic a tio n s  a re  g iven  in  P a r t  I I I .
F y r id in e s »- A s o lu t io n  o f 2 , 3 ,4 ,5 -f® tra p h e n y ld iaz o -
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o y c lo p en tad ien e  in  p y r id in e  was h e a te d  to  r e f lu x  u nder an
atm osphere o f n i t ro g e n . N itro g en  was evo lved  from th e  r e a c t io n
and th e  r e d  s o lu t io n  g ra d u a l ly  became d a rk e r  u n t i l  i t  was
b lu e -p u rp le .  The cou rse  o f  th e  r e a c t io n  cou ld  be fo llow ed
by p e r io d ic a l ly  exam ining th e  in f r a - r e d  spectrum  o f a  sample
removed from th e  r e a c t io n  m ix tu re , 2 ,3 ,4 ,5 .—T etrap h en y ld iazo —
cy o lo p en tad ien e  h as  a c h a r a c te r i s t i c ,  s tro n g  a b s o rp tio n  a t  
—12100 cm due to  th e  d iazo  group and a f t e r  th e  m ix tu re  had 
been re f lu x e d  f o r  f i f t e e n  m inu tes th e  i n f r a - r e d  spectrum  
showed th e  absence o f t l i i s  peak which in d ic a te d  com plete 
decom position  o f  th e  d iazo  c o m p o u n d ^ O w i n g  to  th e  ready*
Pli ^  H i R, , ( l )
(2 )  R=a' :=H.;R*=Me 
(3 j *«Me^  (4 ) *=Me
l 2 . l )
decom position  o f py rid in ium  2 ,3 ,4 ,5 ~ ie tra p h e n y lc y c lo p e n ta -  
d ie n y lid e  (l.) in  s o lu t io n  i t  was q u ic k ly  i s o l a t e d  by adding 
w a te r , in  which i t  i s  in s o lu b le ,  to  th e  r e a c t io n  m ix tu re  and 
w ashing w ell w ith  w ate r to  remove any p y r id in e . By t h i s  
method a y i e ld  o f  over 9^^ o f th e  crude b lu e  y l id e  was 
o b ta in ed . L loyd  and Sneezum^^’ ^^ had p re v io u s ly  p rep a red  ( l )  
by th e  a c t io n  o f  a l k a l i  on th e  bromide ( 5 ) ,  t h u s . -
34.
They a ls o  o b ta in e d  (6 ) in  80 i^ y ie ld  b u t on ly  i s o l a t e d  o f 
( 7 ) and were u n ab le  to  d e te c t  any o f ( 8 ) .  T h is was presum ably 
due to  th e  s t e r i c  over-crow ding  which would occur in  th e  f iv e — 
membered t r a n s i t i o n  s t a t e  le a d in g  to  s a l t  fo rm ation*  However, 
deeom position  o f 2 ,3 ,4 ,  S’- te tr a p h e n y ld ia z o c y o lopen tad iene  in  
% - p io o l in e ,  (x —p ic o l in e ,  and 2 ,6-dim e th y l p y r id in e  r e s u l t e d  
in  y ie ld s  o f over o f ( 2 ) ,  ( 3 ) ,  and ( 4 ) r e s p e c t iv e ly ,  
in d ic a t in g  no such in h ib i t i o n  o f a t t a c k .
No s u i t a b le  s o lv e n t co u ld  be found from which to  
r e c r y s t a l l i s e  th e s e  y l id e s  but- th ey  were so lu b le  in  
p :e rc lilo rie  a c id  and gave s ta b le  yellow  c r y s t a l l i n e  p e r c h lo ra te s  
which were r e a d i ly  c h a r a c te r i s e d .  The y l id e s  a l l  showed a 
bathooiiromic. s h i f t  in  th e  u l t r a - v i o l e t  and v i s i b l e  spectrum  
o f  abou t 60- 70 . m/4  from' m ethanol to  benzene#
2 ,3 ,4 j5 ^ T e tra p h en y ld iazo c y c lo p e n tad ien e  m e lts  w ith  
decom position  a t  a  te m p era tu re  >*1 4 0 ^ presum ably w ith  th e  
i n i t i a l  l o s s  o f n itro g e n  to  g ive a ca rbone . The decom position  
tem p era tu re  m ight be ex p ec ted  to  be low er when th e  d iazo  
compound i s  h e a te d  in  a m elt- o r a c o n c e n tra te d  s o lu t io n  and 
i t ,  seems m ost l i k e l y  t h a t  th e  mechanism by which th e  py rid in ium  
y l id e s  were form ed p roceed ed  v ia  a oarbene in te rm e d ia te  w ith  
a t ta c k  on th e  lo n e  p a i r  o f e le c t ro n s  on th e  p y r id in e ,  Y lide  
in te rm e d ia te s  have boon p o s tu la te d  f o r  many r e a c t io n s  betw een 
ca rb en es and am ines but: have not- b e fo re  been i s o l a t e d .
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An exeuTiple oÆ sxicii a a e a o tio n  i s  th e  fo m ia tio n  o f  o<—pieoM ne 
f 3zom. P50?ld ine and oarhene^^"^* (s e e  P a rt. I  ; P la te  lO)*
128D iphenylam ine» The. nieaotion o f N^N -dim ethyl'bensylam tne 
i f i t h  d ia a o f l u  032.0110 oaozried ou t hy Bamford and S t e-wens are s u i t e d  
in  th e  i- s o la tio n  o f en gyl#-^*"4ai:methylaminofluoozene^ ( s e e
P a r t  I  ; P la te . 10)* The ptEoduotb was exp lained , hy pnopo.sin# 
th a t ,  th e  dii.azo compound decomposed to  f lu o 2?enylldene whioh 
Was a t ta c k e d  hy th e  amine to  a f fo rd  a new n itro g e n  y lid e . a s  
an in te rm ed ia te .*  T h is  y l id e  would he ex p ec ted  to  undergo a 
Stevens* rearrangem ent- to  th e  oh se rv ed  p ro d u c t.
A s im ila r  mechanism i s  su ggested  f o r  th e  decom position  
o f  2 , 3 , 4 r 5*~ te trapheny ld lazoG yclopen tad iene  in  d iphenylam ine, 
a low m e ltin g  so lid *  The r e a c ta n t s  were h e a te d  under n itro g e n  
a t. 140.*^ ' and 0, deep g reen  m e l t  was o b ta in e d , h u t a f t e r  ah out 
f i f t e e n  m in u tes  t h i s  had  r a p id ly  changed t o  h r  own# Chromatography 
o f the, r e a c t io n  m ix tu re  gave a  yellow  amorphous s o l id  in  ^Ofo 
y i e l d  whi oh, from Its -  p h y s ic a l  p r o p e r t ie s ,  s p e c tr a ,  and 
a n a ly s is ,  and from i t s  mode o f p r e p a ra t io n , was a s s ig n e d  th e  
s t r u c tu r e  ( lO ) .  T his can he ex p la in e d  hy th e  décom position
A Ph
Ph
Fh
Ph Ph
PhPh
Ph PhPh
Phpy,r
' 'P h  (10) ( 2 . 3 )Ph
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o f th e  diai?.o oompoimd to  2 , 3 , 4 , ^ r te tra p h o n y lo y o l opentadienyl*^ 
ide iie  and sub seq u en t a t ta c k  hy diphenylam ine to  g iv e  th e  
n i t ro g e n  y l id e  ( $ ) ,  which oou ld  accoun t f o r  th e  deep green  
Q olour. T h is w i l l  th e n  undergo a Stevens* rea rra n g em e n t a s  
ahove ( 2 *3 ) to  g ive -d iph en y lam in o )- 2 , 3 >4 , S r-te tra p h en y l-
o y c lo p en tad ien e  ( lO) # The spectrum  o f th e  yellow  s o l id
showed a complex peak c e n tr e d  a t  2 . 96"T a r i s i n g  from th i r t j r  
phenyl p ro to n s  and one sharp- peak a t  4 . 80T ' due to  one p ro to n , 
co rresp o n d in g  to  th e  p o s i t io n  fo r  th e  s ig n a l from a p ro to n  in  
an environm ent such a s  in  (lO )^^^* I t s  U#V, spectrum  in  cyolo- 
hexane had a maximum a t  245.m/-( which co u ld  he a s s ig n e d  to  th e  
a b s o rp tio n  o f th e  cy c lo p en tad ie n y l p o r t io n  o f  th e  m olecule 
and an o th e r maximum a t  282^  which co u ld  he a s s ig n e d  to  th e  
d ipheny l amino-' a b s o rp tio n . The compound (lO ) was a  ye llow  
amorphous s o l id  o f loxv m e ltin g  p o in t ( 8 0 ^) which co u ld  n o t 
he s a t i s f a c t o r i l y  r e o r y s t a l l i s e d  due to . i t s  h ig h  s o lu b i l i t y  
in  a l l  common o rg an ic  s o lv e n ts .  An a n a ly t i c a l  sample was 
p re p a re d  from a coo led  s o lu t io n  o f (lO ) i n  l i g h t  petroleum *
I t  i s  i n t e r e s t i n g  to  n o te  th a t  compound (1Q) h a s  v e ry  s im ila r  
p h y s ic a l  p r o p e r t i e s  to  a compound p re p a re d  hy L loyd and Wasson 
which th ey  c o n s id e re d  to  he l-a m in o -2 , 3 , 4 , .^’“te tra p h e n y lc y d o ­
p e n t ad iene ( l l ) ^ ^ ^ .
(1 1 )
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ITo y l id e  o r any o th e r  rearrangem en t 
p ro d u c ts  co u ld  be i s o l a t e d  from th e  r e a c t io n  in  which 2 ,3 ,4 ,5 *  
te tra p h e n y ld ia z o c y c lo p e n ta d ie n e  was h e a te d  to  above 140^ w ith  
t r i  phenyl am ine. P ro b ab ly  in  t h i s  case  i t  was n o t p o s s ib le  
f o r  th e  te tra p h e n y lc a rb e n a c y c lo p e n ta d ie n e  to  app roach  w ith ­
o u t s t e r i c  h in d ran c e  becau se  o f tile  small, r a d iu s  o f  th e  
n i tro g e n  atom which was su rrounded  by th re e  phenyl groups* 
Triphenyl.am ine i s  a weak n u c le o p h ile  and h as a low d ip o le  
moment (p*26h)*
T rip h en y lp h o sn h in e* -  The h igh  p o l a r i t y  o f t r ip h e n y l -  
phosphine (y%=l*45D) i s  i n  keep in g  w ith  i t s  s tro n g  n u c le o -  
p h i l i c  c h a ra c te r ,  and th e  l a r g e r  r a d iu s  o f  th e  phosphorus 
atom, in  c o n t r a s t  to  th e  n i tro g e n  atom, makes i t  p o s s ib le  f o r  
a  fo u r th  l ig a n d  to  approach w ith o u t s t e r i c  h indrance*  As th e
e x is te n c e  o f  ( 1—m aphthyl) -tripheny lphosphon ium  s a l t s  shows,
142v e ry  bu lky  l ig a n d s  can be accommodated ' #
An e a r l i e r  a tte m p t had  been made to  i s o l a t e  a p ro d u ct 
from th e  decom position- o f  2 , 3 , 4 ; 5- te t r a p h e n y ld ia 20c y c lo p e n ta -  
d iene  in  th e  p re sen ce  o f tr ipheny lphosph im e b u t th e  r e a c t io n  
was done in  a h ig h -b o i l in g  so lv e n t and no re c o g n is a b le  p ro d u c t 
was obtained^^'^* T ri phenyl phosphine m e lts  a t  80^ and i t  has 
been  found t h a t  by h e a tin g  a m ix ture  o f  2 ,3 ,4 j5*“te tra p h e n y l— 
d ia zo c jrc lo p en tad ien e  and tr ip h en y ip h o sp h in e  a t  140^ th e re  i s  
a smooth lo s s  o f  n i tro g e n  w ith  th e  fo rm a tio n  o f a h ig h  y ie ld
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o f triphenylphospiioniiim  2 ,3 j4 ,5 ’" te tra p h e n y lc y o lo p e n ta d ie n -  
y l id e  ( l2 ) ^ ^ .  The r e a c t io n  i s  ag a in  co n s id e re d  to  p roceed
Ph
Ph IGJH A
Ph :0:Ph XPh3 Ph PhPh ( 1 2 )  X=PX=Ae %=8b X=Bi
( 2 . 4 )
v ia  a  caDhene in te rm e d ia te  ( 2 . 4 )» An a l t e r n a t i v e  mechanism, 
in v o lv e s  th e  i n i t i a l  fo rm a tio n  o f th e  phosphazine (1.6.) which 
co u ld  th e n  lo s e  n i tro g e n  to  g ive th e  observed  p ro d u c t.
P h
à -f-P P h . A Ph
( 1 6 ) Ph
Ph
^  PPIy t  Ng 
Ph
( 2 . 5 )
R e a c tio n s  o f  t h i s  type a re  known and th e  e a r l i e s t  example was 
r e p o r te d  by S tau d in g e r i n  19X9^^* However t h i s  a l t e r n a t i v e  
h as  been  d is c a rd e d  a s  a p o s s i b i l i t y  a s  th e re  was no ev idence 
f o r  th e  fo rm a tio n  o f (id .) and l a t e r  d is c u s s io n  ( P a r t  1 1 ,2 , i i )  
in d ic a te s  t h a t  th e  therm al deoom po.sition o f o y e lo p e n ta d ie n y l— 
id e n e tr ip h e n y lp h o sp h a z in e s  does n o t g iv e  th e  co rresp o n d in g  
y l id e .  In  p a r t i c u l a r  Ram irez and Levy^^^ were u n ab le  to  
i s o l a t e  t r ip h e n y l  phosphonium c^rcl o p en tad i e n y li de from ^;he 
decom position  p ro d u c ts  o f  c y c lo p e n ta d ie n y lid e n e tr ip h e n y l— 
phosphazine*
Tr ip h e n y la r  s in e  «-  An analogous decom position  (2*4) was
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c a r r i e d  out in  t r i  phenyl a r  s i  ne, a lo w -m eltin g  s o l id ,  and th e
co rresp o n d in g  y l id e ,  tr ip h e n y la rso n iu m  2 ,3 ,4 ,5*~ tetraphenyl-
oyclopeœ itad ieny lide ( l3 )  was o b ta in e d  in  good y ie ld ^ ^ ^ . T h is
r e a c t io n  presum ably a g a in  p roceeded  through- th e  te t r a p h e n y l-
cy o lo p en tad ien e  m o ie ty , g en e ra ted  a s  a oarbene, which, th en
r e a c te d  if i th  th e  lo n e  p a i r  o f e le c t ro n s  on th e  a r s e n ic  atom*
T h is r e p r e s e n ts  a novel way o f form ing  a ca rb o n -a rse n ic , bond
and compound (13) i s  th e  f i r s t  arsonium  cyclop e n ta  d ien y lid e .
to, llave been r e p o r te d . The oixLy r e l a t e d  r e a c t io n  in  th e
l i t e r a t u r e  i s  th e  mechanism p o s tu la te d  f o r  th e  r e a c t io n
14 5betw een diazom ethane and p h e n y ld ic h io ro a rs in e  , I t  was
su g g ested  th a t  th e  phenyl dichL o r oar s in e  was h y d ro ly sed  in to  
d i phenyl a r  s in e  oxide (l6a) which th en  r e a c te d  w ith  d i a  zom e th a n e ,
PhgAs.O.AsPhg ( l 6 a )  ph As-O-AsPh PhgAs.GHg Ph AsCH
  ^ I ^ 'S. 4-+ ^  GH 9 ^  0:A sPh.
tGH N:N- +AsPh
(2. 6)
T h is  experim ent was done i n  e th e re a l  s o lu t io n  a t  0 and th u s  
i t  i s  u n l ik e ly  th a t  th e  r e a c t io n  was i n i t i a t e d  by . th e  decomp­
o s i t io n  o f d i a  zom G thane to  oarbene which th en  might, have 
a t ta c k e d  th e  oxide (l6a) to  form an in te rm e d ia te  a rso n iu n  y l id e .
T ripheny l s t i b in e  • -  When 2 ,3 ,4 ,5--t o trap h e n y l d i a zocyol o— 
p en tad ie n e  was decomposed i n  t r i  phenyl s t ib in e  a t  140^ a 55% 
y ie ld  o f tr ip h e n y ls tib o n iu m  2 ,3 ,4 ,5 ^ te tra p h e n y lc y c lo p e n ta d ie n ­
y l i  de ( 1 4 ) was obtained^'^^* T his i s  th e  f i r s t ,  stibonium
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y l id e  to  have been  i s o l a t e d  a i  though, a few have been  p re p a re d
84in  so lu tio n *  W itt ig  and L aib  p re p a re d  d im ethy l.d ibenzy l-
stibonium  brom ide which on tre a tm e n t w ith  an e th e r e a l  so lu tio n ;
o f  p h e n y llith iu m  a ffo rd e d  a yellow  c o lo u ra t io n  which, q u ic k ly
faded* W itt ig  a l s o  p re p a re d  trip h en j^ is tib o n iu m  m eth y lid e  in
eolution^^"^* A lthough th e  y l id e  ( 1 4 ) i s ,  a t  p r e s e n t ,  th e
on ly  knoTvn s ta b le  stibonium  y l id e ,  p e n ta c o v a le n t d e r iv a t iv e s
of antim ony have been known f o r  some time*
T rip h en y lb ism u th . -  There a re  on ly  th re e  exam ples o f
p e n ta c o v a le n t b ism uth  compounds known, tr ip h e n y lb ism u th  d i—
•1/0c h lo r id e ,  p e n ta f lu o ro b i  smuth, and p en tap h en y lb i smuth , and 
v e ry  few exam ples o f  q u a te rn a ry  b ism u th  s a l t s  have been 
r e p o r te d .  W it t ig  and H ellw inlcel^^^ c la im ed  r e c e n t ly  th a t  
t r ip h e n y lb i  smuth r e a c te d  w ith  ohlorarniaie-T to  a f f o rd  t r i  phenyl* 
b i  smuthonium-N-t 0 sy l am ine, , b u t
t h i s  su b stan ce  was n o t i s o l a t e d  o r c h a ra c te r is e d *
I t  seemed p o s s ib le ,  i n  l i g h t  o f  th e  p re v io u s  r e a c t io n s  
d isc u sse d , t h a t  decom position  o f 2 , 3 , 4 , 5^ t  e tra p h e n y ld i a zo - 
cy c lo p en tad ie n e  in  m olten  tr ip h e n y lb ism u th  m ight g ive  th e  
b i  smuthonium y l id e  (15)*  The r e a c t io n  m ix tu re  became deep 
b lu e  and a crude b lu e  s o l id  was is o la te d *  Thin la y e r  chrom a- 
tograp liy  in d ic a te d  thu t. a p a r t  from th e  b lu e  compound th e  only  
o th e r  compound p re s e n t  was t r ip h e n y lb i  smuth* A ttem pts to  
p re p a re  an a n a ly t i c a l  sample o f  th e  substance, by
4%
chrom âtograph io  methods or hy. r e o r y s t a l l i s a t i o n  f a i l e d  owing 
to  i t s  ready  decom position . However from i t s  mode o f p re p a r ­
a t io n ,  i t s  p h y s ica l, p r o p e r t i e s ,  aiid i t s  s p e c tra  th e  b lu e  s o l id  
was p ro b ab ly  triphenylbism uthonix im  2 ,3 ,4 ,5-**tetraphenylcyclo- 
p e n ta d i e n y li  de (.15)*
D iphenyl su lp h id e  and m ethylphenyl s u lp h id e • -  The e lem en ts 
o f  th e  VXD subgroup, su lp h u r  and se len ium , a re  h e to ro -a to m s 
which c o n ta in  a lo n e  p a i r  o f  e le c t ro n s  in  th e  d iv a le n t;  s t a t e  
and which, sh o u ld  be l i a b l e  to  a t ta c k  from a oarbene to  g ive 
y lid e s*  P r io r  to . th e  p resen t, work th e re  were on ly  two m ethods 
a v a i la b le  f o r  th e  s y n th e s is  o f sulphonium y l id e s ,  th e  s a l t  
method (se e  P a r t  I ,  S e c tio n  2 ) and th e  benzyne method^"^^’.
I t  h as  been  f  ound th a t  d i phenyl su l pltonium 2 ,3 ,4 ,5  t  e tra p h e n y l -  
oycl op en tad i e n y l i  de (l%) and th e  m ethyl phenyl sulphonium 
analogue ( l6 )  can be s u c c e s s fu l ly  p re p a re d  in  good y ie ld  by 
decomposing 2 , 3 , 4 , 5 ^ te tra p h e n y ld ia z o c y c lo p e n ta d i one in  
d i p h e n y l s u l p h i d e ^ a n d  m eth y lp h en y lsu lp h id e  re sp e c tiv e ly *
+ Ph (-17,') X^S;H=Ph,
f / C n - X ' '  i W  X=S;E=iIe( 1 9 ) X^:SejR«Ph
Ph Ph.
% Ph'Ph. PhPh
(2.7)
D iphenylseld^nide. -  The on ly  a ttem p t to  p re p a re  a 
selenonium  y l id e  was th a t ,  r e p o r te d  in  th e  l i t e r a t u r e  by Hughes 
and K uriyan^^^* They p re p a re d  f lu o re n y l-9 -d im e th y l selenoniumi 
brom ide and on tre a tm e n t o f t h i s  compound w ith  a l k a l i  th ey
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o b ta in e d  a b la c k  p r e c i p i t a t e ,  an u n l ik e ly  co lo u r f o r  a 
selenonium  y lid e #  The b la c k  substance  was v e ry  u n s ta b le  and 
decomposed r a p id ly  a t  room tem p era tu re  w ith  th e  e v o lu tio n  o f 
d im e th y lse le n i de •
D iphenyl s e l  enonium? 2 , 3 , 4 , 5 - te tra p h e n y l oycl o p en tad i en y lld e  
(l§ ), h as  now been  p re p a re d  in  ^Ofo y i e ld  by th e  therm al 
decom position  o f  2 ,3 ,4 ,  ^ '- te tra p h e n y ld i a zocyol o p en tad ien e  
in  d iphenyl s e l  e n i de, and i s  a s ta b le  c r y s t a l l i n e  s o l id ,
( i i )  Reac t io n  Mechanism
The r e a c t io n s  d isc u sse d  so f a r  a re  co n s id e red  to  p roceed  
v ia  th e  in te rm ed ia cy  o f  2 , 3 , 4 , ^ '^ te trapheny lcarbenaoyclopen ta-*  
d i one (23)# However, an a l  t e r n a t iv e  me chan i sm, a l  though  l e s s  
l i k e l y ,  shou ld  be m entioned* T his in v o lv e s  th e  i n i t i a l  
fo rm a tio n  o f a ay o l io  in te rm e d ia te  (2 0 ) which m ig h t then  
re a rra n g e  with- th e  lo s s  o f  n itro g e n  to  g ive th e  observed
Ph
Ph
( 2 0 ) -
Y=PPhu, 
3^AsPh-,, e tc ,
product#  T h is  mechanism seems u n l ik e ly  f o r  a number o f  
re a s o n s* -  a) The fo rm a tio n  o f  th e  c y c l ic  in te rm e d ia te  (20) 
w i l l  be s t e r i c a l l y  u n fav o u red ; b) th e  normal r e a c t io n  o f a 
phosphine w ith, a d iazo  compound r e s u l t s  in  th e  fo rm a tio n  o f a 
phosphazine and th e re  seems no reaso n  why tr ip h en y ip h o sp h in e
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sh o u ld  r e a c t  i n  any o th e r  way w ith  2 ,3 ,4 ,5 - te tr a p h e n y l  d iazo — 
cy o lo p en tad ien e  i f  i t  were to  r e a c t  a t  a l l  b e fo re  th e  lo s s  o f  
n i tro g e n ;  c) i f  t h i s  mechanism occurs th en  i t  would be ex p ec ted  
t h a t  o th e r  d ia z o cy o lo p en ta d ien e s  m ight undergo s im ila r  r e a c t io n s  
b u t t h i s  h as  been  shomi n o t to  be th e  case  (.P art 11 ,2 )*
The therm al decom position  o f d iazo  compounds w ith  th e  
i n i t i a l  fo rm a tio n  o f a oarbene i s  w e ll known and th e  r e a c t io n s  
above a re  b e s t  e x p la in e d  on t h i s  b a s is*  The ground s t a t e s  o f 
G arbenacy  c l  o p en tad ien e  ( 2 l )  and f l u  or e n y l i  dene (22) have been
Pk
(2il) (22 ) (23)
d e sc r ib e d  a s  t r i p l e t  on th e  b a s i s  o f r e s u l t s  o b ta in e d  from 
t h e i r  E*8,R* sp e c tra^ ^ ^ * ^ ^ ^ . A lthough th e  oarbene (23) h a s  
n o t been  s im i la r ly  s tu d ie d  i t  may a ls o  have a  t r i p l e t  ground 
s ta te *  However th e  s in g l e t  s t a te  o f  (23 ) has been  p o s tu la te d  
f o r  some o f i t s  r e a c t io n s  ( P a r t  I ,  S e c tio n  3) and th e
p r e s e n t ly  observed  ch e m is try  i s  most s a t i s f a c t o r i l y  ex p la in e d
l l 8in  te rm s o f th e  s in g le t  s t a t e .  Moss h as  d is c u s se d  th e  
v a r io u s  s in g l e t  e l e c t r o n ic  c o n f ig u ra t io n s  which, can be 
c o n s id e red  f o r  ( 2 l )  and th e s e  a re  r e le v a n t  to  (2 3 ) ,  P er th e  
oarbene (23) w i th .a  o a rb e n ic  c e n tre  app ro x im atin g  sp^ 
h y b r id is a t io n ,  one e le c t ro n  cou ld  r e s id e  in  th e  in*-plane
44
^  "-0331)1 t a l ;  and th e  second in  th e  p ^ o r .h ita l ( 24a) ? a l te rn a ti 'w e ly , 
h o th  e le c t ro n s  G.ould r e s id e  in  th e  o r h i t a l  (24^0; and 
f i n a l l y ,  h o th  e le c t ro n s  CQul.d he p la ced  in  th e  p - o rh i ta l ,  (2 4 c ) . 
The. form (24c) i s  p a r t i c u l a r l y  i n t e r e s t i n g  hecause. in  t h i s
PhPhPh
PhP h
PhPh Ph
system  th e  c a rh e n ic  p a i r  o f  e le c t ro n s  should  he d e lo c a l is e d  
over th e  IT—system  o f th e  five-m em hered r in g ,  and th u s  th e  
carhene cou ld  he re p re s e n te d  a l t e r n a t i v e l y  a s  (24d)* A 
c o n tr ib u t io n  toim r.ds th e  s t r u c tu r e  o f th e  carhene (23) from 
t h i s  t^rpe o f c o n f ig u ra t io n  ( 24d) m ight low er th e  energj^ o f th e  
s in g l e t  s t a t e  w ith  r e s p e c t  to  th e  t r i p l e t  s ta te *  A s im p lif ie d  
p ic tu r e  of th e  r e a c t io n  o f th e  carhene (.23) w ith  p y r id in e s  and  
diphenylam ine can he go t hy c o n s id e r in g  th e  form (24d) w hich 
w i l l  he l i a b l e  to  a t ta c k  from a te rn a ry  n i tro g e n  atom w ith  a 
lo n e  p a i r  o f e le c t ro n s  which can occupy th e  v a c a n t <5*—o r h i t a l  
to  form a hond. The r e s u l t i n g  y l id e  w il l  he s t a b i l i s e d  
hy e l e c t r o s t a t i c ,  in te r a c t io n *  A ttack  hy o th e r  h e te ro -a to m  
groups w ith  a lo n e  p a i r  o f  e le c t ro n s  ( e .g ,  PPh^) w i l l  ag a in  
in v o lv e  cÿ"—bond form ation* In  th e se  c a se s  added s t a b i l i s a t i o n  
o f th e  y l id e  w i l l  be a f fo rd e d  hy f u r th e r  d é lo c a l i s a t io n  o f th e
’ 45<
two ca rb o n ic  e le c t ro n s  in  th e  p - o r b i t a l  in to  th e  a v a i la b le  empty
d—o r b i t a l s  o f th e  h e te ro -a to m  th u s  form ing  a ptT -  d1T bond*
I t  th u s  ap p e a rs  th a t  th e  therm al decom position  o f
2 ,3 ,4 ,5  ""te t  r  aph ei%rl d ia z  ocycl open tad i one in  v a r i  ous compoumds
w ith  s u i ta b le  h e te ro —atom groups i s  a general, method f o r  tlie.
p re p a ra t io n  of. t e  tra p h e n y l oycl op ont a dieiayl ides*  One o f th e
l im i ta t io n s  o f  t h i s  method i s  th a t  th e  h o te ro —atom r e a c ta n t  must,
be a, l i q u i d  a t  a  tem peratu re , 120^ a t  normal a tm ospheric
p re ssu re*  I t  i s  p o s s ib le  t h a t  th e  method cou ld  be ex tended  to
in c lu d e  low—b o i l in g  l i q u i d s  i f  th e  decom position  o f th e  d iazo
compound was b rough t, abou t by p h o to ly s is*  T his h as  n o t been
a ttem p ted  b u t d u rin g  th e  co u rse  of th e  work some p h c to ly t ic
de comp o s i  t i  on experim ent s in v o lv in g  2 , 3 , 4 , 5 te tra p h o n y l d i az o—
121cy o lo p en tad ien e  in  th e  p re sen ce  o f hydrocarbonsw ere re p o r te d  *
U n fo r tu n a te ly  th e  m ost im p o rtan t l im i t a t i o n  o f  t h i s  method
of p re p a r in g  cy c l op en tad i e n y li  des i s  t h a t  therm al decom position
ap p e a rs  n o t to  be a g en e ra l re a c tio n *  I t ,  succeeds in  th e  case
o f 2 ,3 ,4 ,S '^'tctraphenyX diaa.ooyelopeiatadiene and a ls o  in  th e
9-2case  of 2 ,5^d i phenyl diaZo cy c l opentadiene^ ' b u t i t  does n o t 
succeed f o r  o th e r  d ia z o o y c lo p en ta d ien e s  (s e e  n ex t se c tio n )*
The req u irem en t would seem to  be th a t  a  phenyl group must be 
p r e s e n t  in  b o th  p o s i t io n s  a d ja c e n t to  th e  ca rb o n ic  cen tre*
4&*
2 . BMOTIONS OF O TBm  PIAZOOYCLOPma?AJ)IEl!JES>
( i ) Thermal D ecom position
D iazocjre lopen tad iene  was re c o v e re d  a lm o st q u a n ti ta t lv - e ly  
a f t e r  i t .  had been  h e a te d  in  r e f lu x in g  p y r id in e  for. tw enty—fo u r  
hours* A l i t t l e  po lym eric  m a te ria l, had formed b u t no y l id e  
fo rm a tio n  was e v id e n t. M azo ey c l op en tad i ene was n o t h e a te d  in  
a  m e lt ovixng  to  i t s  r e p o r te d  ex p lo s iv e  natu re^^^#
When 2 ,3f4»5“" te tra c h lo ro d ia z o c y c lo p e n ta d ie n e  was h e a ted  
above 100® w ith  e i th e r  t r ip h e n y la r s in e , t r i p h e n y l s t i b in e ,  
d ipheny l su lp h id e  o r d ip h en y l s e l  en lde a v e ry  v ig o ro u s  r e a c t io n  
ensued, c lo u d s o f smoke were evolved  and a b la ck  in t r a c ta b l e  
t a r  rem ained in  each c a s e . A r e a c t io n  appeared  to  ta k e  p la c e  
w ith  p y r id in e  even a t  room tem p era tu re  g iv in g  a b la c k  p r e c ip i ta te *  
T h is  was in s o lu b le  in  common o rgan ic  so lv e n ts  and resem bled  a 
po lym eric  m a te r ia l  which co u ld  n o t be c h a ra c te r is e d #  
2 )3 ,4 ;5 * # G trao h lo ro d iazo cy G lo p en tad ien e  was u n a f fe c te d  by 
b o i l i n g  e th a n o l b u t when copper powder was added a h ig h  y ie ld  
o f  te tra c h lo ro c y c lo p e n ta d ie n o n e  a z in e  (25) was ob tained# T h is  
su g g e s ts  th a t  a ca rb en o id  in te rm e d ia te  may have been formed
Cl ^  Cl
01: a
01 01
(.25)
a t  th e  su rfa c e  o f  th e  copper: which r e a c te d  w ith  a  m olecule
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o f th e  d iazo  compound a t  t h i s  cen tre*  A s im ila r  r e a c t io n  was
175re p o r te d  by McBee et# a l # d u rin g  th e  course  o f  t h i s  work,
2 } 3 ? 4’*“T rip h en y ld iazo c y o l open tad i ene decomposed in  r e f lu x in g  
p y r id in e . A lthough th e  i n f r a  re d  spectrum  showed th e  d isap p ea ran ce  
o f th e  c h a r a c t e r i s t i c  d iazo  a b so rp tio n  band no y l id e  cou ld  be 
i s o l a t e d  from th e  r e a c t io n  m ixture* The d iazo  compound 
decomposed u n c o n tro l la b ly  when h e a te d  in  e i th e r  t r ip h e n y la r s in e ,  
t r ip h e n y ls t i b in e ,  d ipheny l su lphide- or d ip h e n y ls e le n ide*
Both 5—c h lo ro -  2 ,3 ,4 - tr ip h e n y ld ia z o c y c lo p e n ta d ie n G  and 
5*-bromo~2 , 3 , 4 - tr ip h e n y ld ia z o o y c lo p e n ta d ie n e , l i k e  2 , 3 , 4“ 
tr ip h e n y ld ia z o c y o lo p e n ta d ie n e , decomposed u n c o n tro l la b ly  when 
th e y  were each h e a te d  w ith  e i t h e r  t r ip h e n y la r s in e ,  t r ip h e n y l -  
s t i b in e ,  d ipheny l su lp h id e , o r  d ipheny l s e l  en i de . In  each c a s e  
no p ro d u c t co u ld  be is o la te d *
A ll th e  s u b s t i tu te d  d ia z o cy c lo p en tad ie n es  m entioned 
coup led  w ith  tr ip h e n y lp h o s in e  to  g ive  th e  r e s p e c t iv e  phosphazine 
when th ey  were h e a te d  to g e th e r  in  a m e lt .  These r e a c t io n s  
a r e  d isc u sse d  in  th e  n e x t sec tio n *
P h o to ly t io  decom position  o f th e  d ia z o cy c lo p en tad ie n es  was 
n o t a ttem p ted  b u t t h i s  may w ell p ro v id e  a ro u te  to  o th e r  
c y c lo p e n ta d ie n y lides and r e q u i r e s  f u r th e r  in v e s t ig a t io n ,  A 
p e r t in e n t  q u e s tio n  which s t i l l  rem ains to  be answ ered i s ,  
i f  a oarbene in te rm e d ia te  i s  in v o lv ed , why th e  carbene ( 23 ) 
r e a c t s  sm oothly w ith  h e te ro -a to m s to  g ive  y l id e s  w hereas
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2 ,3  y 4-"'tri’p h en y lca r‘benacyQ3l open tad i ene and o th e r  s u b s t i tu te d  
c-arhenacycl o p en tad i ones ap p ear n o t to. do so»
( i i )  Qyei. op en t a d i  en y lld e n  e Pho spha s in e s .
The addi.tivon o f phosp liines g e n e ra lly  o ccu rs r e a d i ly  a t  th.e
te rm in a l n i t r o g e n  atom o f compounds w ith  th e  g en e ra l form ula
T h is a t ta c k  on sim ple diazonium  compounds hy t r i  v a l e n t
152phosphorus i s  an example o f a  h i p h i l i c  p ro c e ss  , th e  term
'h ip h i l ic *  r e f e r r i n g  to  l ig a n d s  which can donate  e le c t ro n s  to
a suhs t r a t e  to  form, a —hond and s im u ltan eo u sly  aocep t them:
a t  th e  same c e n tre  to. form IT—honds. H eutreil compounds,
*» •4' 4'
Y * - ^ s K Y«Iîs=îï, a ls o  undergo a d d i t io n  r e a c t io n s  w ith, phosph ines 
to. g ive pho spha zines*  The phosphine r e a c t s  a t  the. un s a tu ra te d  
n i . t r agon and th e  r e s u l t a n t  ad d u c t can he s t a b i l i s e d  hy h ack - 
d o n a tio n  o f th e  n i tro g e n  1 o n e -p a ir  e le c t ro n s  in to  th e  v a c a n t 
I d - o r h i t a l s  o f  phosphorus* Thus th e  phosphine i s  hohaving  
h o th  a s  a n u c le .o p h ile  and e le c t r o p h i l e .
T ripheny iphosph ine  coup le  d r e a d i ly  w ith  2 ,3 ,4 - t r ip h e n y l-  
d ia z o c y d o p e n ta d ie n e  in  s o lu t io n  to  g ive  th e  phosphazine. ( 2 6 ) ,
W ’ (26.) E=H;H'=E"=E"'=PU T V ^ „ f _ p p i i  (27.) H=G1;R'=H"=R"WP11-.H * 3 (28) R=^R»=R"=R"WG1
H
(.2.9)
h u t  i t .  was found  th a t  5 ^ c h lo ro -2 ,3 |4 —tr.ipheny ld ilazooyclopen ta—
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d ie n e  on ly  co u p le d w ith  itoiphenylpliospM no. to  g iv e  ( 2?) un d er 
s tro n g e r  co n d itio n s ., "by h e a t in g  th.e r e a c ta n t s  in  a  m elt* 
5*-'Brome—2 ,3.5 4"“tr i 'p h e n y ld ia z o c y c lo p e n ta d ie n e  ap p eared  to  
hehave s i m i l a r l y  a lth o u g h  in  t l i i s  case  th e  a d d u c t was n o t 
id e n t i f ie d #  As p re v io u s ly  m entioned ( P a r t  1 1 ,1 ,)  th e re  was 
no ey idenoc a t  a l l  f o r  th e  fo rm atio n  o f a phosphazine when 
^ ) 3 ,4 ,  5 r"tetrapJ:ienyl.d iazocyolopentadiene was h e a te d  in  a m e lt  
w ith  trip h en y ip h o sp h in e#  T h is su g g e s ts  t h a t  th e re  m ight be 
s t e r i c  h in d ran ce  betw een th e  approach ing  phosphine and th e  
phenyl, groups a t  p o s i t io n s  2 and 5* c f  th e  five-m em bered rin g *  
The te tra p h e n y l d iazo  compound appeared  however to  r e a c t  w ith  
th e  l e s s  b u lk y  and more n u c le o p h il ic  t r i —n -b u ty lp h o sp h in e  to  
g ive  th e  phosphazine (29 ) a s  an in te rm ed ia te#  I t  th e re fo r e  
seems l i k e l y  th a t, th e  i n s u f f i c i e n t  n u o le o p h i l ic i ty  o f tripheny l.- 
p liosphine to g e th e r  t â t h  s t e r i c  f a c to r s  in h ib i t e d  i t s  r e a c t io n  
w ith  2 ,3 ,4 ; 5>“te tra p h e n y ld ia z c c y c lo p e n ta d ie n e *
The. ph o sp h azin e  ( 2 9 ) was formed r a p id ly  when th e  r e a c ta n t s  
Mere mixed in  warm a c e to n i t r i l e .  b u t  i t  appeared  to  be r e a d i ly  
p rone to  h y d ro ly s is  by m o is tu re  from th e  atm osphere and only  
2 ,3 ,4 ;  9»“t® tra p h e n y l cyclop  e n ta d i enone hydrazone ( 3 0 ) cou ld
Ph Fh
Ph Ph |phC>-^-^(% )3   ^ ( 29 )
( 2 . 1 0 )
HgO
P h ^ ^  2 
Ph (30)
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Tdg i s o l a t e d .  The hydra zone (30) h as  n o t he en r e p o r te d  b e fo re  ; 
i t  r e a d i ly  u ndergoes o x id a tio n  w ith, m ercu ric  oxide to  
r e g e n e ra te  th e  o r ig in a l  d iazo  compound* In  an a t te m p t  to  
confirm  th e  p re sen ce  o f ( 2 $ ) ,  t r i -n -h u ty lp h o s p h in e  and th e  
d iazo , compound were r e f lu x e d  in  dry  benzene in  th e  p resen ce  
o f £r-n itrobenzaldehyde*  A good y ie ld  o f th e  a z in e  ( 3 l )  was 
i s o l a t e d  which cou ld  have been  formed by a mechanism analogous
O O /O f iS ,™
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(3 1 )
to  th e  W ittig  r e a c t io n .  However th e  hydra zone (,30) a ls o  
r e a c te d  w ith  ^ -n itro b e n z a ld e h y d e  in  a norm al co n d en sa tio n  
r e a c t io n  to  g iv e  (.31 )•  Ih u s  a lth o u g h  p re c a u tio n s  w ere tak en  
to  exclude m o is tu re  from th e  r e a c t io n  ( 2 # l l )  i t  c a n n o t be 
s a id  w ith  c e r t a in ty  t h a t  th e  in te rm e d ia te  (.29 ) was n o t f i r s t  
o f a l l  h y d ro ly sed  to  th e  hydrazone ( 3 0 ) w hich.w ould th en  
r e a c t  w ith  £—n itro b e n z a ld e h y d e  to  g ive  th e  observed  p ro d u c t.
2; 3 f4 ; S '- '^G 'traoh lo rocyo lopen tad ieny lidene tripheny l* -
51.
p3ao..Bpîxazine (.28). had p re v io u s ly  been p re p a re d  by D isse ln k o te r^ ^  
who h e a te d  2 ;3 ;4 ? 5 -^ e tra o h lo ro d io z o o y o lo p e n ta d ie n e  w ith  
tr ip h e n y lp h o d p h ine in  so lu tio n *  I t  was found th a t  th e se  two 
re a g e n ts  coup led  when h e a te d  to g e th e r  to  a  m e lt to  g ive th e  
same compound (2 8 ) ,  In  g e n e ra l ph o sp h az in es a re  r e a d i ly  
h y d ro ly sed  and a lth o u g h  i t  h a s  been  r e p o r te d  th a t  cyc l open t a — 
d ie n y lid e n e tr ip h e n y lp h o sp h a z ine r e s i s t e d  a l l  a t te m p ts  at. 
hydr.olysis^"^^ i t  was found  t h a t  th e  phosphazine (28 ) was 
slow ly  h y d ro ly sed  when exposed to  th e  atm osphere. The 
h y d ro ly s is  p ro d u c ts  were 2 ,3 ,4 ,5 - te t r a o h l  o rocycl op en tad i enone 
hydrazone and tr ip h e n y lp h o sp h in e  o x id e . When th e  phosphazine 
(.28) was h e a te d  in  th e  atm osphere a t  13©-^  th e re  was a r a p id  
e v o lu tio n  o f n i t ro g e n  b u t  no t r a c ta b le  m a te r ia l  co u ld  be 
i s o l a t e d  from th e  decom position  p roducts*  When (28) was 
h e a te d  under vacuum* (.0 ,Q.gmm,)  a 35fp y i e ld  o f 2 ,3 ,4 ,5 - t e t r a -  
ch lo ro d ia z o o y c lo p en tad ie n e  was o b ta in ed  to g e th e r  w ith  a sm all 
amount of. th e  u n re a o te d  phosphazine and a t r a c e  o f  a w hite  
su b s tan ce , whi oh from i t s  m e ltin g  p o in t ,  was p ro b ab ly  tr ip h e n y l-  
phosphine oxide-. C leavage o f  th e  phosphorus — n itro g e n  bond 
seemed to  have o ccu rred  b u t no tr ip h en y ip h o sp h in e  was d e te c te d . 
The p re se n c e  o f  t r i  phenyl pho sph ine ox ide in d ic a te d  th a t  some 
o f th é  phosphazine was p ro b ab ly  h y d ro ly sed  from m o is tu re  in  
th e  atm osphere b e fo re  r e a c t io n  had ta k en  p la c e .
52,
Ph.osphasines a re  "basic and d is s o lv e  in  d i lu t e  m ineral, 
a c id s  in d ic a t in g  s a l t  fo rm ation*  5"“Chl.oro-2,3>4“ i3?iph.enyl- 
cy o lo p en tad iG n y lid e n e trip h en y lp h o sp lia z in e  (^32) was i s o l a t e d  
a s  i t s  p e r c h lo ra te  (33) i n  o rd e r  to  av o id  th e  p o s s i b i l i t y  o f 
h y d ro ly s is  o f  th e  base* A ll th e  p h o sp h asin es  which have been
PH n .  Pb Ph:
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co n s id e red  can have an a l t e r n a t i v e  c o n t r ib u t in g  s t r u c tu r e
(e*g* 32b ), Thus th e re  i s  th e  p o s s i b i l i t y  th a t  p ro to n a tio n  
can occur e i t h e r  a t  th e  n i t r o g e n  atom ( e .g .  33a) o r a t  th e  
five-m em bered r in g  (e* g , 3 3 b ), The I .E .  spectrum  of (,33) 
showed a  ty p ic a l , n i tro g e n  — hydrogen a b so rp tio n  a t. 3200 cm ^ 
w hich in d ic a te d  t h a t  p ro to n a tio n  o ccu rred  on th e  n itro g en #
There was a s im i la r  a b s o rp tio n  in  th e  I .E .  spectrum, of. th e  
p e rc h lo ra te  (34)$ and th e  M.M.R*. spectrum  o f t h i s  s a l t ,  in  
t r i f lu o r o a c .e t i c  a c id  showed no pealc due to  m ethylene p ro to n s  
a s  i l l u s t r a t e d  i n  (3 4 b ), Thus ev idence su g g e s ts  th a t ,  p ro to n — 
a t io n  o f s u b s t i tu te d  o y c lo p en tad ien y lid en ep h o sp h az in es  talces 
p lace , a t  th e  n i t ro g e n  atom,
H i Ph
Ph
(34)
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3># PROPERTIES OP TEaWHMTYLCYQLQPMTA3)lMYLII)ES 
( i )  Triphenvlphosphonium, triphenvlarsonium^ and tr ip h en y l— 
stibonittm 2 , 3 , 4 , 5-tetranhenylcycl-Q pentad ienylides 
a) S tm o tu rc*-'
There a re  two p o s s i b i l i t i e s  f o r  th e  h y b r id is a t io n  abou t 
th e  carbon atom a d ja c e n t to  th e  h e te ro —atom* These a re ,  
t r ig o n a l  h y b r id is a t io n  w ith  th e  u n sh a red  p a i r  o f  e le c t ro n s  in  
a Vacant. 2p- o r b i t a l  [ P i g . i ) ,  and te t r a h e d r a l  h y b r id is a t io n  
w ith  th e  u n sh a re d  p a i r  o f  e le c t ro n s  in  a sp^ h y b r id  o r b i t a l  
( P i g . i i ) #  Ho in v e s t ig a t io n  o f th e  h y b r id is a t io n  ab o u t th e
(S’i g . i )  ( f  \ )  \  (3’i g . i i )
carbon  atom in  o y o lo p en tad i e n y li  des h as  been made b u t i t  
seems l i k e l y  t h a t  th e  ca rbon  atom w i l l  adopt, a t r ig o n a l  
c o n f ig u ra t io n  ( E ig # i)# In  t h i s  c o n f ig u ra tio n  th e  d é lo c a l i s a t io n  
o f  th e  ca rb an io n  p a i r  o f  e le c t ro n s  i n to  th e  five-m em bered r in g  
p rod u cin g  a s e x te t  o f ^ —e le c t ro n s  becomes p o s s ib le  w hereas 
t h i s  cannot, o ccu r i f  th e  te t r a h e d r a l  c o n f ig u ra tio n  i s  adopted* 
W ithout t h i s  added s t a b i l i s a t i o n  th e  c y c lo p e n ta d ie n y lid a s  
would c e r t a in ly  la c k  t h e i r  c h a r a c t e r i s t i c  s t a b i l i ty #
Very l i t t l e  in fo rm a tio n  i s  a v a i la b le  re g a rd in g  th e  
h y b r id is a t io n  o r geom etry o f th e  phosphorus atom in  y l id e s  
and no co rre sp o n d in g  e x p e rim en ta l ev idence  has y e t  been
54,
r e p o r te d  f o r  th e  a r s e n ic  and antim ony atom s. U n ti l  X—ra y  
c r y s ta l lo g r a p h ic  work h as  heen  done on th e  y l id e s  (3 5 ; X*=îP,AS|Sb) 
l i t t l e ,  can he s a id  r e g a rd in g  t h e i r  a c tu a l  m o lecu la r  s tru e tu re *
Q?he rem arkab le  s t a b i l i t y  o f th e  o y o lo p en tad ten y lid e .s  
h a s  been a t t r i b u t e d  to  th e  im portance o f th e  c o n tr ib u t io n  
from» th e  re so n a n ce  s t r u c tu r e  (3 5 o ), the ' a ro m atic  c y c lo p e n ta d ie n y l 
form.; in  which th e  ca rb an io n  p a i r  o f  e le c t ro n s  i s  d e lo c a l is e d  
o v er th e  five-m em bered r in g *  D é lo c a l is a t io n  is . a l s o  co n s id e red
PhPhi
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(35) X=:P,As,8b
to  occur b ecau se  o f th e  a b i l i t y  of th e  h e te ro -a to m  (Xt»P,As^Sb) 
to  expand i t s  v a len ce  s h e l l  u s in g  th e  v a c a n t, low—energy 
d—o r b i t a l s  f o r  o v erlap  w ith  th e  f i l l e d  2p—o r b i t a l s  i n  a forim 
o f i r -b o n d in g ,  ( s e e  P a r t  I,Section.*  2 )^
There h as  been  some c o n tro v e rsy  over th e  q u e s tio n  o f th e  
r e l a t i v e  ease  w ith  which s im i la r ly  s u b s t i tu te d  pho sp h in es, 
a r s in e s ;  and s t i b i n e s  can undergo v a len c e  s h e ll  expansion .
Prom a study  o f  tr ip h e n y lp h o sp h in e  and t r ip h e n y la r s in e  a s  
l ig a n d s  in  m eta l com plexes C ha tt and H art^^^ concluded  t h a t  
phosphorus and a r s e n ic  have about th e  same tendency  to  expand 
t h e i r  o c te ts*  S im ila r  c o n c lu s io n s  were reach ed  from, o th e r
' Ph-
55.
1S4s tu d ie s , on m e ta l com plexes # D euterium  exchange s tu d ie s  
on te tra m e th y l * onium s a l ts .  (36) by Do.ering and Hoffman 
su g g ested  t h a t  th e re  was l i t t l e  d if f e re n c e  in  th e  a b i l i t y  o f  
phosphorus, a r s e n ic ,  and antim ony to  expand t h e i r  v a len ce  
s h e l l
(36)
120Johnson h as  a rg u ed  t h a t  th e  c o n c lu s io n s  reac h ed  by
Do.ering and Hoffman were n o t e n t i r e ly  v a l id  and th a t  v a len ce
s h e l l  expansion  should  n o t n e c e s s a r i ly  rem ain c o n s ta n t a s
group 5.A th e  P e r io d ic  T able i s  descended from phosphorus
to  antimony# He ag reed  t h a t  th e  e l e c t r o s t a t i c  s t a b i l i s a t i o n
o f a ca rb an io n  by an a d ja c e n t  ’ onium group (X) would be
ex p ec ted  to  d e c rease  a s  th e  P e r io d ic  T able I s  descended s in c e
1*55th e  C-X bond d is ta n c e s  in c re a se . and th e  e l e c t r o n e g a t iv i ty
156o f X d ec re a se s  * In  a d d i t io n ,  however, and c o n tra ry  to  th e
C-X nd o r b i ta l
X Bond d i s t a n c e , E l e c t r o n e g a t i v i t y  n*
P 1 ,8 7  2 .1  3
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C onclusions m entioned  above he su g g ests  th a t  th e  s t a b i l i s a t i o n
of. a ca rb an io n  by an a d ja c e n t  ’ onium atom th rough  o v erlap
o f th e  f i l l e d  2 p - o r b i ta l  o f  th e  ca rb an io n  % th  a  v acan t
d - o r b i t a l  o f th e  h e te ro -a to m  should  d ec re ase  down th e  T ab le .
56*
T h is  i s  e x p e c te d  b e c a u s e  th e  d i f f e r e n c e  b e tw ee n  th e  s i z e  o f  th e  
two a tom s in v o lv e d  ( o a rb o n -p h o s p h o ru s ,c a rb o n —a r s e n i c ,  c a r b o n -  
an tim o n y ) becom es l a r g e r  a n d  th e  p r i n c i p l e  quantum  num ber 
o f  th e  d—o r b i t a l s -  u s e d  i n c r e a s e  (E lgJ h ) , th e r e b y  d e c r e a s in g  
th e  e f f e c t i v e n e s s  o f  th e  o v e r la p  o f  th e  2p— a n d  n d - o r b i t a i s #
The s tu d y  o f  th e  p r o p e r t i e s  and  r e a c t i o n s  o f  t h e  p r e s e n t l y  
u n iq u e  s e r i e s  o f  y T ld e s  ( 3 5 ;  X »P ,A s,Sb) p r o v id e s  some i n t e r e s t i n g  
r e s u l t s  w hich , c a n  be  i n t e r p r e t e d  i n  te rm s  o f  th e  e x te n t  o f  
pTT ""dTr o v e rla p , i n  th e  C-X bond ing*  The p ro b lem  how ever i s  
c o m p lic a te d  b y  th e  p o s s i b i l i t y  o f  th e  in v o lv e m e n t o f  s t e r i o  
f a c t o r s  b e c a u s e  th e  G—X b o n d  i s  s u r ro u n d e d  b y  th e  b u lk y  p h e n y l 
g ro u p s  w h ich  may w e ll  i n f l u e n c e  th e  r e a c t i v i t y  an d  th e  c o u rs e  
o f  th e  r e a c t i o n  o f  th o s e  y l id e s *  I n  o r d e r  t o  draw  c o n c lu s io n s  
from  th e  r e s u l t s  i t  i s  n e c e s s a r y  t o  assum e t h a t  s t e r i o  f a c t o r s  
p l a y  o n ly  a  s m a ll  p a r t ,  i n  t h e s e  r e a c t io n s *  I f  t h i s  i s  t a k e n  
i n t o  c o n s i d e r a t i o n  th e n  th e  c o n c lu s io n s  r e a c h e d  c o n c e rn in g  
th e  pTT—diT b o n d in g  a r e  i n  l i n e  w ith  th o s e  s u g g e s te d  b y  J o h n s o n .
The phosphonium  y l i d e  (35? X«P) a n d  th e  a rso n iu m  y l i d e  
( 3 5 ;  X»As) w ere  y e llo w  c r y s t a l l i n e  com pounds w ith  m e l t in g  
p o i n t s  o f  297- 299^ a n d  2 2 8 -2 3 0 ^  r e s p e c t iv e ly *  The s t ib o n iu m - 
y l i d e  (35? X«=Sb) fo rm ed  o c h re  c r y s t a l s  w h ic h  m e l te d  a t  196- 1 9 8 ^ 
b u t  w h ich  c o u ld  n o t . b e  r e  c r y s t a l l i s e d  ow ing t o  i t s  r e a d y  
h y d r o l y g i i  b y  m o is tu r e  b o th  i n  th e  s o lv e n t  a n d  i n  th e  a tm o sp h ere*
57.
A wa33n. e i ih a n o lia  s o lu t io n  o f  th e  y l id e  (35? X=Sb) was hyda?olysed 
alino.st. im m edia te ly  to  2 , 3 j 4 f  5’“t.etxaphe3ayleyclopB ntadiene and 
t r lp h e n y l s t ib in e  oxide# In  c o n t r a s t  th e  phosphonitmi and 
arsoninm  y l id e s  were re c o ’vjered unchanged a f t e r  e ig h te e n  h o u rs  
r e f lu x in g  in  a lc o h o lio ' po tassium  hydroxide, so lu tio n *  The f a c t  
t h a t  the. arsonium  y l id e  was not. h y d ro ly sed  in d ic a te s  the  
s tro n g  s t a b i l i s i n g  e f f e c t  o f  th e  a ro m a tic  five-m em bered 
r in g ,  f o r  in  g e n e ra l.,arsonium  y l id e s  a re  r e a d i ly  h y d ro ly sed  
i n  th e  p re se n c e  o f base* The y l id e s  were in s o lu b le  in  w a te r, 
e th a n o l,  and e th e r  b u t d is s o lv e d  in  benzene and chloroform #
They d is s o lv e d  in  d i lu t e  m in e ra l a c id s  and w ith  p e r c h lo r ic  
a c id  formed y e llo w  c r y s t a l l i n e  p e r c h lo ra te s  (37) y pro.sumably
OloTPhPh
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w ith  p ro to n a tio n  ta k in g  p la c e  a t  th e  2 -p o s i t io n  th e re b y  g iv in g
compounds w ith  m ost con jugation*
The pK  ^s o f th e  p e r c h lo ra te s  (37)  were determ ined
sp ec tro 'sc .o p ic a lly  in  95^ e th an o l s o lu t io n  u s in g  th e  same
02method a s  Johnson  * S o lu b i l i ty  c h a r a c t e r i s t i c s  r e q u ir e d  th e  
u se  o f t h i s  s o lv e n t and a s  a r e s u l t  th e  pH v a lu e s  o f  th e  
b u f f e r s  m easured w ith  th e  pH m eter d i f f e r e d  from th o se  ex p ec ted
5a.
f o r  aqueous s o lu t io n s .  T h ere fo re  th e  pK v a lu e s  determ ined
f o r  th e  s a l t s  a re  only  r e l a t i v e  and cannot he compared to
v a lu e s  d e te rm ined  in  aqueous media* The pK o f t r ip h e n y l -
( 2 ,3 ,4 ;5 - te tr a p h e n y lc y o lo p e n ta d ie n y l) phosphonium p e ro h lo ra te
(3.7; XssP) was 5*3 and th e  co rresp o n d in g  arsonium  p e rc h lo ra te
(.37; XstAs) had a  pK o f 7*6. The pK o f th e  stihoniuma a
p e rc h lo ra te  (37(> X»Sib) co u ld  n o t he determ ined  owing to  th e  
v e ry  r a p id  h y d ro ly s is  o f b o th  th e  s a l t ;  and th e  p a re n t base 
w hich took  p la c e  in  55^ e thano l*  Rough m easurem ents su g g ested  
t h a t  th e  pK o f  (37? X=8b) was g r e a te r  th an  7*6. These 
r e s u l t s  in d ic a te  th a t  th e  arsonium  y l id e  (39) i s  more b a s ic  
th a n  th e  phosphonium y l id e  (.36) and t h a t  th e  stibon ium  y l id e  
(4 0 ) i s  more b a s ic  th an  e i th e r*  T h is su g g e s ts  t h a t  th e
(38) 0 6 ^ ) 3
r  ) = X  (39) CgIL)
( 4 0 )
a* b#c
amount o f s t a b i l i s a t i o n  w hich th e  a d ja c e n t ca rb an io n  r e c ie v e s  
by v a len ce  s h e l l  expansion  o f th e  h e te ro -a to m  i s  in  th e  o rd e r 
P >AsZ> 8b* In  o th e r  w ords, (4Gb) c o n t r ib u te s  l e s s  to  th e  
o v e r a l l  s t r u c tu r e  o f tr ip h e n y ls tib o n iu ra  2 ,3 ,4  ; 5 - t  e t r  aphenyl -  
cy c l open tad i e n y l i  de th an  does (39b) to  th e  o v e r a l l  s t r u c tu re  
o f th e  arsonium  y l id e  which in  tu rn  c o n t r ib u te s  l e s s  th an  does 
( 38b) to  th e  o v e r a l l  s t r u c tu r e  o f th e  phosphonium y l id e  ( 3 8 )#
59.
The r e a c t i v i t y  o f  th e se  y l i d e s  w ith  ca rbony l compounds and 
w ith  n i t r e  sob enzene, which i s  now d isc u sse d , le a d s  to  th e  
same c o n c lu s io n , a lth o u g h  i t  must be s t r e s s e d ,  a s  m entioned 
e a r l ie r* , t h a t  p o s s ib le  s t e r i o  f a c to r s  a re  h e re  ig n o re d .
c) R e a c tio n s . -
Garbonyl comnounds. -  The study  o f a new y l id e  u s u a lly  
c e n tr e s  on i t s  r e a c t io n  w ith  carbonyl compounds# T h is  i s  th e  
w e ll known W it t ig  r e a c t io n  and h as been s tu d ie d  e x te n s iv e ly  
in  th e  case  o f  phosphonium y lid e s#  The f i r s t  s ta g e  o f th e  
r e a c t io n  i s  a n u c le o p h il ic  a t ta c k  by th e  y l id e  on th e  carbony l 
compound to  form a  phosphonium b e ta in e *  Next a P -0  bond i s  
form ed a s  a consequence o f th e  a f f i n i t y  of phosphorus fo r  
oxygen and i t s  a b i l i t y  to  expand i t s  v a le n ce  s h e l l  to  te n  
e le c t r o n s ,  g iv in g  r i s e  to  a four~membered r in g  in te rm e d ia te  
which c o l la p s e s  in to  a phosph ine oxide and an o l e f in .
2 + 0 -0  4  >  (E) P - c q  2
E^ E^ V E^
0P(S)3 4
(2 .1 2 ) ^ ^ 4
T ri phenyl phosphonium 2 ) 3 ,4 ,5 "" te trap h en y lo y o lo p en tad ien — 
y l id e  d id  n o t r e a c t  w ith  a ld eh y d es or k e to n es  due to  th e
60#
r e d u c e d  n u o l e o p h i l i o i t y  o£. t h e  y l id e »  The a rso n iu jn  y l i d e  
(.3 9 ) r e a c t e d  w i th  h e n z a ld e h y d e  a f t e r  r e f l u x i u g  th e  com pounds 
i n  o a rh o n  t e t r a c h l o r i d e  f o r  e ig h te e n  h o u r s  t o  g iv e  a  15^ y i e l d  
o f  1 , 2 , 3 , 4 ÿ6- p e n ta p h e n y l f u lv e n e  ( 4 l ) t  W ith  g—n itro h e ia z a ld e h y d e
Ph-
+ H / R  (4:0H  m
Ph
C2 . 1 3 )
a 955'é y ie ld  o f  6 -^ -n itro p h e n y l^ l ,2 ,3 r4 -* te tra p h e n y lfu lv e n e  (42) 
was obtained* Under ana logous c o n d itio n s  th e  stibon ium  y l id e  
( 4 0 ) gave a  40fo y ie ld  cf th e  fu lv en e  ( 4 1 ) frcan benzaldehyde 
and a 995^  y i e ld  o f  th e  fu lv e n e  ( 4 2 ) from £ -n itro b en aa ld eh y d e*
I t  was found t h a t  carbon t e t r a c h lo r id e  was th e  m ost conven ien t 
so lv e n t to  u se  f o r  th e se  r e a c t io n s .  When oMor.oform was u sed  
f o r  th e  r e a c t io n  o f th e  stibonium  y l id e  w ith  a ld eh y d es th e re  
was alw ays some 2 ,3 ,4 ,5 - te tra p h e n y lG y o lo p e n ta d ie n e  formed a s  
w e ll .  T h is  may be due to  h y d ro ly s is  from t r a c e s  o f  w ater in  
th e  s o lv e n t. The arsonium  y l id e  (39) gave s im ila r  y ie ld s  o f 
th e  fu lv en e  i r r e s p e c t iv e  o f w hether ch loroform  o r carbon 
te t r a c h lo r id e  was u sed  a s  s o lv e n t.
I t  i s  i n t e r e s t i n g  th a t  in  th e  r e a c t io n  o f th e  stibonium  
y l id e  w ith  a ld eh y d es  no fu lv e n e  oxide was d e te c te d . I t  m ig h t 
have been ex p e c ted  th a t  th e  in te rm e d ia te  b e ta in e  (43 ) would 
fo llo w  p a th  b) to  g ive  an epoxide ( 2*1 4 ) .  The on ly  o th e r
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r e a c t io n  o f a stibon ium  y l id e  w ith  a ca rb o n y l compound was
th a t  r e p o r te d  betw een tr ip h e n y l  stibonium  m ethy lide  and benzo— 
147phenone in  which t r i  phenyl s t ib in e  and d ipheny lao  e t  aldehyde
+
0=0:
X -G <
ô - c C
(.43) “
+ > « = <
(2 .1 4 )
were form ed. The a u th o rs  su g g ested  t h a t  th e  l a t t e r  had been 
form ed by rea rran g em en t o f  an in te rm e d ia te  epoxide 
p a th  b) had been  fo llo w e d ) . In  th e  r e a c t io n s  under d is c u s s io n  
on ly  o le f in  was i s o l a t e d  su g g e s tin g  th a t  th e  d r iv in g  fo rc e  to  
form an antim ony -  oxygen bond i s  g re a t  enough to  d i r e c t  th e  
co u rse  o f  th e  r e a c t io n s  a lo n g  p a th  a) (2 .1 4 )#  The tendency  
f o r  th e  fo rm a tio n  o f a h e te ro -a to m  -  oxygen bond to  c o n tro l a 
r e a c t io n  may account, f o r  th e  p ro d u c ts  o b ta in ed  from th e  
r e a c t io n  o f  th e  y l id e s  w ith  n itro so b e n z e n e , d is c u sse d  n e x t.
N itro ao b en g en e . -  H itro s o  compounds behave in  a s im ila r  
way to  carbony l compounds i n  t h e i r  r e a c t io n  w ith  y l id e s  ( 2 , 1 5 ) ,  
and b o th  tr ip h en y lp h o sp h  onium - and t r i  phenyl a r  son ium fluo ren - 
y l id e s  have been  shown to  r e a c t  w ith  n itro so b e n z e n e .
X-0
+
X-0 +
X
.157Schonberg and Brosowski found th a t  tr ip h e n y lp h o  sphonium-
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f lu o re n y l id e  a f fo rd e d  f lu o re n o n e  a n i l  and tr ip h e n y lp h o sp h in e
oxide w ith  n itro so b e n z e n e  ( i #e * normal W itt ig - ty p e  r e a c t io n
”1w ith  oxygen t r a n s fe r ,  to  p h o sp h o ru s), w hereas Johnson ^  found
t h a t  tripheioy l a rso n iu m flu o r e n y li  de and n itro so b e n zen e  gave
H—phenyl f lu o re n o n e  ketoxim e and t r ip h e n y la r s in e .  T h is in d ic a te s
t h a t  th e re  i s  l e s s  tendency  to  form an a r s e n ic  — oxygen bond
th a n  a phosphorus -  oxygen bond.
T riphenylpho  sphonium 2 ,3 ,4  j5*“te tra p h e n y l cyc l o p en tad i en -
y l id e  ( 38 ) had n o t r e a c te d  w ith  n itro so b en zd n e  a f t e r  th e se
compounds had been  h e a te d  to g e th er, in  r e f lu x in g  benzene fo r
e ig h te e n  hours* However th e  arsonium  y l id e  (39) r e a c te d  w ith
n itro so b e n zen e  a f t e r  s ix  h o u rs  to  a f f o rd  a 35?^  y i e ld  o f  H -phenyl
2 , 3 , 4 , 5**tetraphenyl cy c l o p en tad i enone a n i l  (4 4 ) , a, 1C$& y ie ld
o f t r ip h e n y la r s in e  ox ide , a 4 ^ 0  y ie ld  o f N -phenyl 2 ,3 ,4 ,5 -
te tra p h e n y lo y o lo p e n ta d ie n o n e  ketoxim e (4 5 ) ,  and a 33)  ^ y ie ld  
Ph.
p m o
m . Ph
Ph Rh 
( 2 . 1 6 )
Ph
a -  r  ^ K P h  + XPh. 
^  ™  P h ^
OXPh  ^ + Ph HPh.
(44)
o f t r ip h e n y la r s in e *  The stibonium  y l id e  gave on ly  th e  H -oxide 
( 45 .) i ï i  8l^b y i e l d  a f t e r  b e in g  h ea ted  w ith  n itro so b e n zen e  in  
b o i l in g  benzene f o r  te n  m in u te s ; none o f  th e  a n i l  (44) cou ld  
be d e te c te d . The mechanism i s  presum ably a  W itt ig —type  in  
which an in te rm e d ia te  b e ta in e  i s  form ed i n i t i a l l y  ( 2 * l6 ) .
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^ h is  in te rm e d ia te  can th e n  r e a c t  to  £oll.ow e i th e r  p a th  a) or 
h)* I f  p a th  h ) i s  fo llo w ed  th en  i t  m ight he eacpected th a t  th e  
oxazirane. ( 4 6 ) would he form ed, hy ana logy  w ith  epoxide, 
fo rm a tio n . g*^heny l oxazirane^s a re  known to  iso m e rise  r e a d i ly
Ph
Ph
Ph
r v s HPh
Ph' ( 4 6 ) '"  ^
 > ::6=Ph NPh0
12 ,17)
to. th e  co rre sp o n d in g  H -oxide^^^ and th u s  i f  th e  ocmpound ( 4 6 ) 
was th e  i n i t i a l  p ro d u c t is o m é r is a t io n  to  th e  N—oxide (45) 
can he expected* Prom th e  r e s u l t s  o f  th e  r e a c t io n  o f n i t ro s o ^  
henzene w ith  th e  te tra p h e n y lc y c lo p e n ta d ie n y lid e s  i t  ap p ears  
t h a t  th e re  i s  %ess tendency  to  form an antim ony-oxygen hond 
th a n  c,n a r s e n ic —oxygen hond, f o r  w hereas th e  arsonium  in te rm e d ia te  
h e ta in e  fo llo w ed  b o th  p a th s  a) and h) to  a f fo rd  ^ p ro p o rtio n  
o f th e  a n i l  (4 4 ) and t r ip h e n y la r s in e  o x id e , th e  stlhonium  
in te rm e d ia te  h e ta in e  ga'we th e  N—oxide (45 ) e x c lu s iv e ly .
The tendency  to  form a phosphorus-oxygen hond i s  g r e a te r  than  
th a t ,  to  form an a rsen io -o x y g en  hond and i f  th e  n u c le o p h i l io i ty  
o f th e  phosphonium y l id e  ( 3 8 ) had been s tro n g  enough to  a t ta c k  
n itro so b e n zen e  i n i t i a l l y  to  form a h e ta in e  in te rm e d ia te  i t  
would c e r t a in ly  have fo llo w ed  p a th  a) t I t  ap p ears  th e re fo r e
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t h a t  th e  arson ium  y l id e  (3 9 ) h o ld s  a  p o s i t io n  in te rm e d ia te  
"between th e  phosphonium y l id e  (38) and  th e  sti"bonium y l id e  ( 4 0 ) 
in  th e  case o f  i t s  r e a c t io n  w ith  n itro so b e n z e n e , 'Bhe N-oxide.
( 4 5 ) Was r e  f lu x e d  in  "benzene w ith  t r ip h e n y la r s in e  f o r  tw elve 
hours; and was re c o v e re d  unchanged, th e re b y  co n firm in g  th a t  
th e  r e a c t io n  o f  th e  arsonium  y l id e  w ith  n itro so b e n zen e  d id  
n o t p roceed  s o le ly  to  th e  H -oxide (4 5 ) , which m i ^ t  th en  have 
boon reduced  to  th e  a n i l  (44 ) by th e  t r ip h e n y la r s in e  g en e ra ted  
in  th e  re a c tio n *
Prom th e  r e a c t io n s  o f  th e  y l id e s  ( 3 8 ) ,  ( 3 9 ) ,  and ( 4 0 ) 
w ith  carbonyl compounds and n itro so b e n ze n e  i t  can be deduced , 
t h a t  th e  o rd e r o f  r e a c t i v i t y  o f the  y l id e s  i s  Sb>As>*P*
03he stibonium  y l id e  i s  c o n s id e re d  to  be more r e a c t iv e  th an  th e  
arsonium  y l id e  because i t  appeared  to  undergo i t s  r e a c t io n s  
much more r e a d i ly .  The d if fe re n c e  in  r e a c t io n s  can be a t t r i b u t e d  
to  a g r e a te r  e le c t ro n  d e n s i ty  on th e  ca rb an io n  o f th e  stibonium  
y l id e  th an  on th e  ca rb an io n  o f th e  arsonium  y l id e  which in  
tu rn  has a g r e a te r  e le c t ro n  d e n s ity  th an  t h a t  on th e  phosphonium 
y l id e  carbanion* T h is su g g e s ts  th a t  th e  d é lo c a l i s a t io n  o f th e  
ca rb an io n  e le c t r o n s  in to  th e  v ac an t d - o r b i t a l s  o f  th e  h e te ro ­
atom s i s  in  th e  o rd e r P ^A s 'ï^S b , which i s  c o n s is te n t  w ith  th e  
co n c lu s io n  reac h ed  from a c o n s id e ra t io n  o f th e  b a s i c i t i e s  o f 
th e  y l id e s  ( i v ,  t h i s  s e c t io n ) .  T his co n c lu s io n  i s  a ls o  in
83agreem ent w ith  th a t  d e r iv e d  by Johnson fr.œi a s tu d y  o f th e
65<
B e a o tiv i ty  and p r o p e r t ie s  o f  t r i  phenyl phosphonitim- and 
tr ip h e n y la rso n in m flu o r .e n y lid e s  b u t a t  v a r ia n c e  w ith  th a t  reac h ed  
by D oering  and Hoffinann^^’^ , and by O h a tt et;, a l #^^^,
D ich lo ro o a rb e n e : E eo e n tly  Oda et# found t h a t
tr ip h en y lp h o sp h o n iu in flu o ren y lid e  r e a c te d  w ith  ch lo roform  in  
th e  p resen ce  o f  to r t . - b u to x id e  to  a f f o rd  an o le f in  (4 ? ) and 
tr ip h en y lp h o sp h in e*  They su g g ested  th a t  th e  mechanism o f th e
+PPh OGl
C2 . 1 8 ) ( .47 )
r e a c t io n  was the. a t ta c k  by th e  n u c le o p h il ic  y l id e  on d ic h lo ro -  
ca rbene fo llo w ed  by e je c t io n  o f th e  phosphine to  a f f o r d  th e  
o le f in  ( 4 7 )* The same w orkers could  n o t e f f e c t  an  analogous 
r e a c t io n  w ith  t r i  phenyl phosphonium oycl open tad i e n y l i  do and 
th e y  assumed t h a t  th e  f a i l u r e  o f th e  r e a c t io n  was due to  th e  
r e l a t i v e  d i f f i c u l t y  in  l o c a l i s a t i o n  o f one e le c t ro n  p a i r  on 
th e  cx -ca rb o n  a to n  ( s e e  P art, I ,  S ec tio n  2 )*
In  l i n e  w ith  th e se  f in d in g s  th e  phosphonium y l id e  ( 3 8 ) 
d id  n o t r e a c t  w ith  d i ch i o r 0 carbene# The arsonium  y l id e  (39) 
was a ls o  re c o v e re d  unchanged a f t e r  a tte m p te d  r e a c t io n  w ith  
d ic h lo ro o a rb e n e  and no o le f in  cou ld  be d e te c te d  when th e  
stibonium  y l id e  ( 4 0 ) was rea c te d *  T h is  su g g e s ts  . t h a t  th e
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l o c a l i s a t i o n  o f  th e  e le c t ro n  p a i r s  on th e  r e s p e c t iv e  tx—carbon 
atom s in  a l l  th r e e  y l id e s  i s  i n s u f f i c i e n t  f o r  r e a c t io n  to  ta k e  
p lace#  L i t t l e  can be conc lu d ed  from t h i s  la c k  o f r e a c t i v i t y  
and no d ed u c tio n  can be drawn from t h i s  s e r ie s  o f experim en ts 
co n cern in g  th e  s t a b i l i s a t i o n  o f th e  e le c t ro n  p a i r s  by d é lo c a l­
i s a t i o n  in to  th e  d - o r b i t a l s  o f th e  co rresp o n d in g  hetero -a tom s,*  
for. i t  was a l s o  found t h a t  2 ,3 ,4 ,5 "* te trap h en y ld ia so c y c lo -  
p en tad ie n e  d id  n o t r e a c t  \ f i th  d ich lo rooarbene#  Presum ably th e  
la c k  o f r e a c t i v i t y  was a g a in  due to  th e  r e l a t i v e  d i f f i c u l t y  
in  l o c a l i s a t i o n  o f th e  e le c t ro n  p a i r  on th e  x - c a r b o n  atom.
In  t h i s  case  d e lo c a l i s a t io n  cannot occur th rough  d - o r b i t a l  
o v e rla p  and th e r e fo r e  tlie  a ro m a tio ity  o f  th e  five-m em bered 
r i n g  in  th e  d ia zo  compound and th e  y l id e s  must be a s ig n i f i c a n t  
©ause o f th e ir ,  in e r tn e s s  w ith  d ichloro .carbene#
( i i )
A d is c u s s io n  o f th e  bism uthonium y l id e  i s  s t r i c t l y  l im i te d  
becau se  th e re  i s  v e ry  l i t t l e  experim ental, ev idence on which to  
base  any co n c lu sio n s*  W hereas th e  co rresp o n d in g  phosphonium, 
arsonium , and stibonium  y l id e s  were y e llo w , th e  bismuthonium 
analogue ( l i k e  th e  co rre sp o n d in g  p y rid in iu m  y l id e )  was deep 
blue# There i s  a  s im ila r  d if fe re n c e  betw een p en tapheny lan tim ony , 
p e n ta p h e n y la rse n io , and pen tapheny lphosphorus which a re  
c o lo u r le s s  or y e llo w , and pen tapheny lb ism u th  which i s  deep
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v io le t#  A lso , u n lik e  th e  phosphonium, arsonium , and stibonium ; 
y l id e s ,  b u t l i k e  th e  p y rid in iu m  y l id e s ,  th e  b i smuthonium y l id e  
gave s o lu t io n s  whose c o lo u rs  v a r ie d  w ith  th e  p o l a r i t y  o f th e  
s o lv e n t;  e , s o l u t i o n s  in  benzene or e th e r  were deep b lu e , in  
a c e to n e  p u rp le -b lu e , and in  m ethanol re d -p u rp le #  In  m ethanol 
th e  u l t r a v i o l e t  spectrum  o f  th e  bismuthonium y l id e  had maxima 
a t  A 2 4 0 , 3 3 5 , 528 ] ^ ; i n  benzene maxima a t  X280, 345, 59^ 
These maxima w ere v ery  s im i la r  to  th o se  shown by py rid in ium  
2 ,3 |4 f 5 ‘^ te tra p h e n y lc y o lo p e n ta d ie n y lid e  in  th e  same so lv en ts#  
The b i  smuthonium y l id e  was in s o lu b le  in  d i l u t e  and 
c o n c e n tra te d  a c id s  and i t  decomposed im m edia te ly  when mixed 
w ith  them* S o lu tio n s  o f th e  y l id e  a ls o  r a p id ly  decomposed* 
R e a c tio n s  w ith  carbony l compounds and n itro so b e n z e n e  were 
a ttem p ted  b u t no p ro d u c ts  co u ld  be is o la te d »  Thus ev idence 
su g g e s ts  th a t  th e  b i  smuthonium y l id e  was s im ila r  to  th e  % 
p y rid in itu n  ana logue in  i t s  b eh av io u r, i»e* th e  b ism uth  atom 
was behav ing  more l i k e  n i t r o g e n ,  th e  f i r s t  member o f th e  
V group, th an  l i k e  antim ony which i s  im m ediately  above b i  smuth 
in  th e  P e r io d ic  Table# T h is  in d ic a te s : t h a t  th e re  i s  l i t t l e  i f  
any d - o r b i t a l  o v e rlap  in  th e  y l id e  and th a t  b ism uth  canno t : 
r e a d i ly  expand i t s  v a len ce  sh e ll#
6a#
( i l l )  D iphenylm ilphonium . Methylt>henyleulphonitun.* and DiphenyOl-  
s e l  enoninm 2 , 3 . 4 . 5 - t  e tra p h e n y l oyol o p en tad i e n y li  de s
Some ex p e rim en ta l ev id en ce  fo r  su g g ested  p tf  -d 1 t bonding 
in  sulphonium compounds was m entioned in  P a r t  I ,  S e c tio n  2*
I t .  i s  g e n e ra l ly  ag reed  th a t  th e  s t a b i l i s i n g  e f f e c t  o f  a su lp h u r 
atom in  a  te r n a r y  sulphonium compound can be a t t r i b u t e d  to  a 
co n ju g a tiv e  e le c t ro n - a c c e p t in g  mechanism, b u t i t  seems to  be 
v e ry  d i f f i c u l t  to  prove th a t  v a len ce  s h e l l  expansion  i s  
in v o lv e d  in  t h i s  s t a b i l i s a t i o n *  ' The d—o r b i ta l ,  o v e rlap  o f a 
sulphoniujn group w ith  an a d ja c e n t ca rb an io n  aocoun ta  w ell f o r  
sulphonium y l id e  ch em istry  and u n t i l  ev id en c e  i s  p ro v id ed  
which cannot be acco u n ted  f o r  in  t h i s  manner th e  e x p la n a tio n  
seems ju s t i f i a b l e #
P ar l e s s  i s  knoim ab o u t te rn a ry  s e l  an onium compounds and 
n o th in g  h as p re v io u s ly  been  known about selononium  y lid e s#
I t  m ight be ex p ec ted  th a t  a  selenium  atom would be a b le  to  
p ro v id e  s t a b i l i s a t i o n  to  an a d ja c e n t ca rb an io n  th ro u g h  a 
s im i la r  mechanism to  th a t  which o p e ra te s  i n  te rn a ry  sulphonium 
compounds# The c lo se  s im i l a r i t y  betw een d i ph enyl su l phonium. 
and d iphenyl s e l  en onium 2 , 3 , 4 , 5*“te tra p h e n y l cyc l o p en tad i e n y lid e s  
su p p o rts  t h i s  ex p ec ta tio n #
a) P h y s ic a l P r o p e r t i e s #-
D iphenylsulphonium  2 , 3 , 4 , 5 * te tra p h e n y lc y o lo p e n ta d i en­
y l i  de C4 8 ) and th e  selenonium  analogue ( 4 9 ) were y e llo w
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c r y s t a l l i n e  compounds w ith  m e ltin g  p o in ts  o f 216—218^ and 
185 - 1 9 ^^. re s p e c tiv e ly *  They appeared  to  be s ta b le  i n d e f in i t e l y  
a t  room te m p era tu re  when exposed to  th e  atm osphere in  th e  
absence  o f l i g h t ;  on exposure  to  l ig h t ,  th e re  was a d arken ing
Ph PhPk PkczQv + .Pk. (48 ) X=8;k«Pk
[ < — 3» (5.0) X=.S}R=Me
P k % ^  R P k A :^  R ( 49;) 3t=SejR=Pk
o f th e  c r y s ta l  s u r fa c e s .  T h e ir  U.V* s p e c tr a  were s im ila r  
a lth o u g h  th e  selenonium  y l id e  (49) showed a s l i g h t  bathochrom io 
s h i f t  o f th e  lo n g  w avelength  band by llm^u to  302m/U « Both 
y l id e s  were u n a f fe c te d  by b o i l i n g  e th a n o lic  sodium hydrox ide 
s o lu t io n  and in  each case  were reco v e re d  unchanged. The y l id e s  
( 4 8 ) and ( 4 9 ) w ere in s o lu b le  in  p e r c h lo r ic  a c id  and d id  
n o t  form s a l t s  which in d ic a t e s  th a t, th e y  were ex trem ely  wealc 
b a s e s .  P resum ably th e  pl(^ o f  b o th  y l id e s  i s  < jc9.3, th e  
v a lu e  o f th e  co rre sp o n d in g  phosphonium y l id e  ( 3 8 ) .
Me tliy lphenyl. su l phonium 2 ,3 ,4$  5 ^ t e t r  aphenyl cy c l o p en tad i en— 
y l id e  ( 5 0 ) was a p a le  y e llo w  c r y s t a l l i n e  compound w hich had 
m.p* 204^ 206^. The y l id e  r a p id ly  darkened  on exposure to  
l i g h t  b u t when k e p t in  th e  d ark  i t  appeared  to  be s ta b le  f o r  
months* The N.M*.Ra spectrum  o f  th e  m ethylphenylsulphoniufA  
y l id e  ( 5 0 ) i n  d eu terioch lo r.o fo rm  showed a complex peak a t  
2*86*1^ co rre sp o n d in g  to  tw e n ty -f iv e  phenyl p ro to n s , and one.
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sharp  peak a t  7*24"T co rre sp o n d in g  to  th r e e  m ethyl p ro tons*
The N*M*R* spectrum  o f me th y lp h e n y l su lp h id e  i t s e l f  i n  d e u te r io -  
ch loroform  in c lu d e d  a s in g l e t  a t  7 . 6 7 T  due to  th e  m ethyl 
p ro to n s . The s h i f t  o f 0 * 4 3 T  dovm field  o f th e  signal, from th e  
m ethyl p ro to n s  i n  th e  sulphonium y l id e  ($0) must he due. t a  th e  
de s h ie ld in g  e f f e c t  o f th e  p o s i t iv e ly  charged  su lp h u r atom*
H y d ro ly s is  o f th e  y l id e  ( 50 ) o ccu rred  when i t  was h ea te d  
in  r e f lu x in g  e th a n o l ic  sodim i hydrox ide s o lu t io n  f o r  te n  h o u rs , 
h u t th e  h y d ro ly s is  p ro d u c ts  cou ld  n o t be is o la te d *  I t ,  was 
ex p ec ted  th a t  norm al h y d ro ly s is  o f th e  y l id e  ( 5 0 ) would r e s u l t  
i n  th e  fo rm a tio n  o f  2 ,3 ,4 ,5~ t e tra p h en y l cy c l open tad i e n - l - o l  ( 5 1 )
Vh S k '  
PK
(5 1 )
( 2 . 19 )
b u t t h i s  compound i s  u n s ta b le  in  th e  p re se n c e  o f l i g h t  and 
a i r  and i t  r e a d i ly  decomposes • I t  i s  a ls o  known to  
iso m e rise  to  2 ,3 ,4 ,5 ^ te tra p h e n y lo y o lo p e n ta -2 -e n —1—one a t -h ig h  
te m p e ra tu re s  b u t t h i s  compound was n o t de tec ted *  Thin la y e r  
chrom atography o f th e  r e a c t io n  m ix tu re  showed th a t  a number 
o f decom position  p ro d u c ts  had  been form ed one o f which was 
m ethy lpheny lsu lph ide*
The m ethylphenyl sulphonium  y l id e  (5 ^ ) was so lu b le  in  
p e r c h lo r ic  a c id  and gave a  b r ig h t  ye llo w  c r y s t a l l i n e  p e r c h lo ra te .
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T h is  s a l t  was n o t v e ry  s ta b le  and when i t  was exposed to  th e  
atm osphere f o r  abou t one week, i t  slow ly evolved  m ethy lpheny l— 
sulph ide*  I t  ap p eared  to  be r a p id ly  h y d ro ly sed  in  aqueous 
s o lu t io n s ,  a y e llo w  e th a n o l ic  s o lu t io n  o f th e  p e rc h lo ra te  
became co lo u rle ss , a f t e r  f i f t e e n  m inutes* The pK^ o f th e  s a l t  
oou ld  n o t be dete rm in ed  because  o f i t s  read y  h^^drolysis in  
e th a n o l b u t  c l e a r ly  th e  m ethylphenyl sulphonium y l id e  ( 90 ) 
was more b a s ic  th a n  th e  d i phenyl su l ph onium and d ip h en y l— 
selenonium  y l id e s  ( 4 8 ) and (4 9 ) , which were in s o lu b le  in  "JQtfo 
p e rc h lo r ic  acid*
The c o n c lu s io n  th a t  th e  pK^ of th e  d iphenyl sulphonium; 
y l id e  ( 4 8 ) i s  l e s s  th an  th e  pK o f th e  m ethylphenyl su l phonium ■ 
y l id e  ( 50 ) i s  c o n s is te n t  w ith  a  r e c e n t r e p o r t  by Johnson and
162Amel who observed  th a t  rep lacem en t o f  a  m ethyl group
a t ta c h e d  to  th e  h e te ro -a to m  o f an y l id e  by a phenyl group le d
to. a d ec rease  in  th e  pK o f th e  s a lt*  I t  i s  a ls o  f u r th e ra
ev idence  to  su p p o rt th e  p ro p o s a l th a t  th e  in c re a s e  i n  a c id i ty  
is . due to  th e  pow erfu l in d u c tiv e  w ithdraw al e f f e c t  o f  th e  
phenyl group ( r e l a t i v e  to  th e  a lk y l)  which d e c re a se s  th e
82e le c t ro n  d e n s i ty  on th e  hetero-atom * * The low ered  e le c t ro n  
d e n s i ty  on th e  h e te ro -a to m  r e s u l t s  in  b e t t e r  pTT-d'tT o v e rla p , 
w h ich  means t h a t  in  th e  c a se s  under d is c u s s io n  th e  d ip h en y l-  
sulphonium group a f fo rd s  g r e a te r  s t a b i l i s a t i o n  to  an ad jacen t: 
ca rb an io n  th an  th e  m ethylphenyl sulphonium group* T h is  d ed u c tio n
12.
i s  supported  *by th e  d if fe re n c e  in  r e a c t i v i t i e s  o f th e  two 
y l id e s  ( 4 8 ) and  ( 50 )* 
h) R e a c tio n s #-
Qarh onyl Comp ounds ♦ The sulphonium y l id e s  ( 4 8 ) and ( 5 0 ) ;  
and th e  se lenon im i y l id e  C49) d id  n o t r e a c t  w ith  aldehydes# 
They were re c o v e re d  unchanged a f t e r  each had been h e a te d  to  
r e f lu x  in  carbon  te t r a c h lo r id e  w ith  2 ,6 -d in itro b en za l.d eh y d e  
f o r  tw enty h o u rs . As m entioned  e a r l i e r  ( i , c ,  t h i s  s e c tio n )  
tripheny lphosphonium  2 ) 3 ,4 ,^ - t  e tra p h e n y lc y c lo p e n ta d i e n y li  de 
d id  n o t r e a c t  w ith  a ld eh y d es , th u s  ho c o n c lu s io n  can be draxm 
a s  to  th e  r e l a t i v e  r e a c t i v i t i e s  of th e se  y l id e s  w ith  carbonyl 
compounds*
N itro so b en z en e . -  I t  was found th a t, th e  m ethy lphenyl—
sulphonium y l id e  ( 50 ) and th e  d iphenyl selenonium  y l id e  (49)
r e a c te d  w ith  n itro so b e n z e n e  a f t e r  e ig h te e n  ho u rs  in  r e f lu x in g
benzene to  g ive  8l^b and 80^ y ie ld s  r e s p e c t iv e ly  o f  th e  N-oxiide
(.45^)* Under i d e n t i c a l  c o n d i tio n s  th e  diphenylsulphonium
'h
NPh
PhBO
Ph rPh
Ph V
y l id e  ( 4 8 ) gave only  a 5?? y i e ld  of th e  N-oxide. (,45)• Johnson 
r e a c te d  n itro so b e n zen e  w ith  d im ethy lsu lphon ium fluoreny lide^
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and proposed  a r e a c t io n  co u rse  analogous, to  th e  r e a c t io n  
shown ( 2 . 20 ) .  He co n s id e re d  th a t, th e  r e a c t io n  m ight p roceed  
i n i t i a l l y  th ro u g h  an o x az iran e  o f th e  ty p e  ( 46 ) ,  which would 
im m ediately  iso m e r ise  to  th e  observed p ro d u c t 2*1%).
( iv )  Summary and Comparison o f T etraphen.vl.oyG l.onentadienvlides
I t  i s  p o s s ib le  to  acco u n t f o r  th e  b a s i c i t i e s  o f th e  2 ,3 ,4 ,5*  
t  e tra p h en y l cy c l o p en tad i eny l id e s  in  te rm s o f th e  r e l a t i v e  
pTf -dTf o v e rlap  betifeen  th e  ca rban ion  and i t s  a d ja c e n t  h e te r o -  
atom . N e g le c tin g  m ethylphenyl sulphonium 2 ,3 ,4 ,5***t e tra p h e n y l-  
cy c l open tad i e n y l i  de which c a r r i e s  a d i f f e r e n t  s u b s t i tu e n t  
from th e  o th e r  y l id e s ,  th e  o rd e r  o f b a s i c i t y  can be w r i t te n  
8bZ> A 8# The pK^* s o f  th e  d ipheny l sulphonium and 
d ipheny l se l enonium y l id e  co n ju g a te  a c id s  a re  n o t known b u t  i t  
i s  p ro b ab le  t h a t ,  from a c o n s id e ra tio n  o f th e  o rd e r  o f 
b a s i c i t i e s  o f th e  Group V y l id e s ,  th e  pK o f th e  form er w i l l  
be l e s s  th an  th e  l a t t e r *  On th e  o th e r  hand, p u re ly  on th e  
b a s i s  o f  t h e i r  r e a c t io n s  w ith  carbony l compounds and w ith  
n itro so b e n z e n e , a  r e a c t i v i t y  sequence f o r  th e  y l i d e s  ( ag a in  
n e g le c t in g  th e  m ethylphenyl sulphonium y l id e )  can be w r i t te n  
8b> A s> 8 eZ > 8r>P, I t  i s  p o s s ib le  to  conclude from th e  sequence 
o f b a s i c i t i e s  t h a t  when th e  h e te ro -a to m s c a rry  th e  same 
s u b s t i tu e n t s  th e  e f f e c t iv e n e s s  o f  plY —dlT o v erlap  in  
s t a b i l i s i n g  th e  y l id e s  i s  i n  th e  o rd e r  8 > S e Z > P > A s > ^ *
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In  Johnson* s r e p o r t  on th e  study  o f th e  a c id i f y in g  e f f e c t s  o f
162*onium groups in  s im i la r ly  s u b s t i tu te d  phenacyl *onium s a l t s  
n u c le o p h i l io i ty  seemed to  p a r a l l e l  b a s i c i t y .  The r e a c t i v i t y  
sequence was b a se d  on th e  r e a c t io n  o f th e  y l id e s  w ith  ca rbony l 
compounds o n ly . With th e  s e r i e s  o f y l id e s  p r e s e n t ly  under 
d is c u s s io n  n u c l e o p h i l i s i ty  does n o t seem to  p a r a l le l ,  b a s i c i t y ,
' and th e  sulphonium and selenonivun y l id e s  were more r e a c t iv e
J th a n  th e  phosphonium y l id e ,  a t  l e a s t  i n  t h e i r  r e a c t i v i t y  w ith
n itro so b en zen e*  However th e  a l l  im p o rtan t q u e s tio n  o f s t e r io  
e f f e c t s  has been n e g le c te d  in  th e  d is c u s s io n  and t h i s  may 
w e ll account f o r  some o f th e  a p p a re n tly  anomolous r e a c t i v i t y  
p a t te rn s *
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SUIVMARY OF REACTIVITY OF TETRAPHM I^HiOYCLQPMTTADIMYLlIIES
TABI/B I
R e a o t iv i tv  o f y l id e s  w ith  a ld eh y d es
H etero-atom  
Y lide  group
Y ie ld  o f fu lv en e  a f t e r  18, hr* 
r e a c t io n  in  CGl^ a t  r e f lu x  temp.
ex benzaldehyde ex ^ -n itro b en za ld o h y d e
(48.) SPhg 0$
(5.0) SPliMe O^b
(49) SePhg Ofo
(38) PPh^ Ofo
(39) AsPlli^ 15> 9%
(40) SbPh^ 40^ 99^
TABLE I I
R e a c t iv i ty  o f  y l id e s  w ith  n itro so b e n zen e
H etero-atom  Y ie ld  o f p ro d u c ts  from r e a c t io n  R eac tio nH id e group a t. r e f lu x  temp. tim e
H^-oxide (45) A nil (44) T o ta l(  44X45)
(48) SPhg % 0  ^ 5% l8 h r .
(50) SPhMe 81^ Ofi Qlf~ iG h r.
(49) 8 oPh 80^ afo 80JI I8hr«
(38) PP113 0# O’/e ^ 0 l8 h r .
(39) AaPh.^ 48fo 1 %  83fc 4 h r .
(.40) SbPh 8Qfo C# 8Cÿe lOmin,
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4# PREPARATION OF ITUiVENES, AND N-PHENYL 2 .3 .4 .5-TETRAPHmYi-  
CYCLÛPENTARIMONE ANIE AND ITB N-OXIDE
( i )  F u lvenes
1 ,2 ,3 ,4 .,6 -P e n ta p ile n y lfu lv e n e  ( 4 1 ) and 6 -^ -n itro p h e n y l—
1.,2 , 3 , 4 —te tra p h e n y lfu lv e n e  (42) were o b ta in e d  u s in g  a  s im ila r  
m ethod to  t h a t  u se d  by low enbein  and U lioh^^^ , The fu lv en e  (42 )
Ph 
Ph
( 2 . 2 1 )
h i t h e r t o  u n re p o r te d , was a p a le  brown c r y s t a l l i n e  s o l id  w ith  
a  m e ltin g  p o in t  o f  232-234°$ and a U.V. spectrum  s im ila r  to  
t h a t  o f  th e  fu lv e n e  ( 4 1 )*
( i i ) .  N-Phenyl 2 ,3 ,4 ,5 —te tra p h e n y lc y c lo p e n ta d ie n o n e  a n i l
The e a r l i e s t  r e p o r t  o f  a  r e a c t io n  in  which an a n i l  o f
2 , 3 , 4 , 5 - t  e tra p h e n y l cyc l o p en tad i ene was p re p a re d  was by Z ie g le r  
172and S ohnell i n  ig25* They condensed d im e th y lam in o n itro so - 
benzene w ith  th e  d iene in  th e  p resen ce  o f sodium e th o x id e  to
Ph. (,51 ) X=MMe„ 
— ^ p . L ^ - W ( p )  ^4 4 )
k Pk.
(,2 . 22)
o b ta in  th e  a n i l  (.51) ue deep v i o l e t  a lm ost b la c k  c r y s t a l s .  A 
s im i la r  method was u sed  to  p re p a re  N -phenyl 2 ,3 ,4 ,5 - te tr a p h e n y l—
77'
cyG lopentad ienone a n i l  (44)* T his compound was id e n t i c a l  to. 
th a t  o b ta in e d  fnorn th e  r e a c t io n  between th e  arsonium  y l id e  (39) 
and n itro so b e n z e n e  (2#l6.).* I t :  was a deep r e d  c r y s t a l l i n e  
s o l id  , w ith  a  U.V. spectrum  s im ila r  to  th a t  o f  2 ,3 ,4*5^ ' 
te tra p h e n y l cyc l op e n ta d i enone.
( i i i )  E-Phenyl. 2 , 3 , 4 , 5—te  t r  aphonyl cyc l op e n ta d i enone ke t  oxime 
As e a r ly  a s  1919 S tau d in g e r  and M isoher^^ found t h a t  
d ia z o f lu o re n e  and n itro so b e n z e n e  underw ent a r e a c t io n  a t  roorni 
tem p era tu re  to  a f f o rd  E—phenyl f lu o ren o n e  ketox im e. A s im ila r  
method was ad o p ted , a lth o u g h  a h ig h e r  tem p era tu re  was n e c e ssa ry , 
to: p re p a re  E -phenyl 2 ,3 ,4 ,5 - te tra p h e n y lo y c lo p e n ta d ie n o n e  
ketoxim e (45)* I t  was a  Ichaki—green s o l id ,  m .p, 224-226^,
P h Ph
Ph.
^ E P h
(.450
whose I .R . spectrum  showed two s tro n g  a b s o rp tio n  bands a t  
129© cm ^ and 898  cm ^ r e s p e c t iv e ly ,  c h a r a c t e r i s t i c  o f th e  
v ib r a t io n a l  modes due to  th e  E-0 lin k a g e  in  a ro m atic  amine oxides^^# 
An a ttem p t was made to  p rep a re  th e  E -ox ide (.45) by 
o x id is in g  th e  a n i l  (44) b u t n e i th e r  o f th e  two r e a g e n ts  t r i e d ,  
p e rp h th a l ic  a c id ,  and hydrogen p ero x id e  i n  th e  p re sen ce  o f 
g l a c ia l  a c e t i c  a c id ,  was e f fe c t iv e *  However th e  E -o x id e  was
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sucG essfiully red u ce d  to  th e  a n il  (44) u sin g  a b o i l in g  so lu tio n
P h k a /  Ph 0
+ PPh. >  [ ^ M P h  + OPPh,
Ph
(44)(2 .2 4 )
o f trip h en y lp h o sp ix in e  in  benzene (2#24)« A ttem pted re d u c tio n  
u s in g  phosphorus t r i c h l o r i d e  d id  n o t le a d  to  th e  a n i l ,  b u t 
a d d i t io n  o f w a te r  to  th e  r e a c t io n  m ix tu re  gave 2 ,3 ,4 ,5 ~ ^ e tr a — 
p h en y lcy c lo p en tad ien o n e  a s  one o f th e  h y d ro ly s is  p ro d u c ts  ( 2 *25 )*
I V  hPh phk=%y V
H20
Ph,
(45).
( 2 . 2 5 )
79
5. PRBPARATIQE OF PIRIDINITBi AND TRIPIMYLPHOSPHOHIUI>I m PH EEIL-  
OYClOPBNTADim YLIPES*
( i )  5-BrQmor~2$ 3 ,4"“tr ip h e n y lc y c lo p e n ta d le n e *
The method u sed  to  p re p a re  2 ,3 ,4 ,5"^tetraphenylG yohopenta— 
d ie n y l id e s  by th e  decom position  o f th e  co rre sp o n d in g  d iazo  
compound was found  to  be u n s u c c e s s fu l f o r  th e  p re p a ra t io n  o f 
2 ,3 ,4**triphenyl oycl op e n ta d i e n y l i  de s*
The most, common method o f p re p a r in g  y l id e s  i s  th e  b a s i f i c a t io n ,  
o f  an * onium s a l t  i n i t i a l l y  formed by a lk y la t io n  o f th e  
a p p ro p ia te  base* The p r e p a ra t io n  o f 5^brom o-2,3 ,4 “* t r ip h e n y l-  
cy c lo p en tad ien e  (52) was d e s c r ib e d  in  th e  l i t e r a t u r e  by 
Pauaon and  W illiam s T his c o n s is te d  o f t r e a t i n g  2 ,3 ,4 -
tr ip h e n y lo y o lo p e n ta d ie n e  w ith  a  one. m olar eq u iv a len t-  o f  brom ine 
in  carbon d is u lp h id e  a t  room tem p era tu re  and le a v in g  
th e  m ix tu re  f o r  tw enty—fo u r  h o u rs . These w orkers r e p o r te d  
t h a t  th e  use o f  N-brom oauecinim ide. o r o f  two m olar e q u iv a le n ts  
o f brom ine a f fo rd e d  th e  5 , 5 ^ ib ro m o  compound (53)* I t  h as  been
Ph Ph
Ph.^==W''^ ^  Ph Br
(52) (33)
found  however t h a t  m onobrom ination o f 2 ,3 ,4 —tr ip h e n y l  c y c le -  
p en tad ie n e  can be e f f e c te d  u s in g  N—brom osucoinim ide* A s l i g h t
8 0 .
m olar excess o f  th e  d lene i n  carhcn tebraeliLoiride was h e a te d  to  
r e f lu x  f o r  f o r t y —fiv:e m in u tes  w ith  H-hran.osuGCinimi.de: and a 
good y ie id  o f  th e  bromo compound (5.2) was o b ta in ed  w ith ' no 
co n tam in a tio n  from th e  dibromo compound (53)* %hen th e  work- 
o f  P au son and W illiam s was r e p e a te d  u s in g  brom ine a s  th e  
b ro m in a tin g  ag e n t th e  monobromo eonpound co u ld  h o t be o b ta in ed  
f r e e  from th e  dibromo compound. An exam ination  o f th e  
spectrum  o f a  p u re  sample o f  th e  monobromo compound (52) 
su g g ested  th a t  i t  e x i s t s  a s  a m ix tu re  o f  tau tom ers (54)*
Ph. Br
Ph
Ph
P
Ph' f \y BrH
(54)
b .
!The spectrum  showed one s in g l e t  at. 6 ,2 lT w hich  would co rrespond  
to  th e  m ethylene group in  ( 54h) ( ^ #  6.,G"T f o r  th e  m ethylene 
group in  2 ,3 ,4‘“tr ip h e u y lc y G l open tad i ene) and two d o u b le ts , 
one c e n tre d  at. 3*5^>  and th e  o th e r  c e n tre d  a t  4*41^* These 
would co rresp o n d  to  th e  two s in g le  p ro to n s  shown in  (5 4 a ) ,
The s p l i t t i n g  o f th e  d o u b le t was sm all (2  c / s )  and t h i s  may 
be ex p la in e d  by th e  f a c t ,  t h a t  th e  two p ro to n s  w i l l  be a lm o st 
a t  r i g h t  a n g le s  to  each o th e r  due to  th e  p resen ce  o f th e  
l a r g e  bromine atom which w i l l  te n d  to  push th e  a d ja c e n t  
p ro to n  more ou t o f th e  p lan e  o f th e  five»-*membered rin g #
81,
The e x is te n c e  o f th e  tautomea? w ith  an a c t iv e  m ethylene
group co u ld  e x p la in  th e  r e a d in e s s  w ith  w hich  th e  monobromo 
compound undergoes f u r th e r  brom ination*
The method by which L loyd  and Sneegum^^' p rep a red  S“^ (.2 j3 ,4 j5“  
te trap h e i% rlo y o lo p en tad ie n y l) p y rid in ium  brom ide ( s e e  P a r t  I I , l )  
was f i r s t  o f a l l  u sed  in  an a ttem p t to  o b ta in  N—( 2 , 3 ?4** 
tr ip h o n y l cy c l op o n ta d i enyl) p y r i  di.niiim brom ide (55.)* The 
monobromo compound ( 5 4 ) was l e f t  in  an e x c e ss  o f p y r id in e  f o r  
tw elve  ho u rs and a lth o u g h  th e  s o lu t io n  became deep r e d  in d ic a t in g  
th a t  some r e a c t io n  had tak en  p la c e  th e re  was no p r e c i p i t a t e  
o f  th e  ex p ec ted  brom ide s a l t  C55)* T h is s a l t  was p re p a re d , 
a s  an in te rm e d ia te ,  by h e a t in g  equim olar amounts o f  p y r id in e  
and th e  monobromo compound ( 5 4 ) a t  9^^ in  n i trom ethane f o r  
two h o u rs  ( 2 , 26 ) ,  D uring th e  work-u.p p e r c h lo r ic  a c id  was added
Br
Ph
' " r v
(54).
MeNO Ph
PB
Ph Br
Ph CIO
Ph ( 2 , 26 )
and th e  p e r c h lo ra te  ( 56 ) was i s o l a t e d  in s te a d  o f  th e  brom ide 
s in c e  p e r c h lo r a te s  a re  g e n e ra l ly  more h ig h ly  c r y s t a l l i n e  and
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l e s s  l i k e l y  to  "be liygrosG opic th an  th e  oo,323?espending 'brom ides.
The p e ro h l.o ra te  (.5^) was an orange, c r y s t a l l i n e  s o l id  w ith  
an N.3Î.R. spectrum  in  t r iT lu o r o a c e t ic  a c id  which- showed complex 
m u l t ip le t s  "between 1 .2 Y a n d  2 ,8 ^ ^  due to  th e  p y r i  dinium  and 
phenyl p ro to n s , and a sharp s in g le t  a t  ^ . 6 '^  co rresp o n d in g  to  
a- m ethylene g roup . The p re se n ce  o f a m ethylene group in  th e  
p e r c h lo ra te  ( 5 6 ) con firm s t h a t  th e  a l lc y la tio n  o f p y r id in e  
(.2 . 2 6 ) in v o lv ed  a p r o to t r o p ic  sh if t ,  to  g iv e  th e  more s ta b le  
system w ith, a lo n g e r  co n ju g a te d  ch a in .
The s a l t  ( 5 6 ) was h y d ro ly sed  in  e th a n o l and aqueous 
sodium hydr oxi de to  g ive p y r i  dinium 2 ,3 ,  ^ •-''triphenyl cy c l open ta­
d i e n y l i  de ( 37 )*
Ph
0104 GHi
( i i i )
(.2 . 27;.) 
2 .,) , 4 -
(5 7 )
.76P in ck  and H i lb e r t  p re p a re d  and i s o l a t e d  tripheny l*^  
phospho n iu m flu o ren y lid e  by a d d i t io n  o f tr ip h e n y lp h o sp h in e  to
f pph^ —
( ,2 .2 a )
a s o lu t io n  o f 9**l>romofluorene in  n i  trom e th an e  to  g ive  th e  
phosphonium brom ide in  good y i e ld  ( 2 . 2 8 ) ,  which th ey  i s o l a t e d
Br
PPh
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and su 'bsequen'tly "b a s if ied  to  o b ta in  th e  phosplionium y lid e *  
tihen th e  same method (2 .2 8 )  v/as n sed  in  an a ttem p t to  p rep a re  
tr ip l ie n y l  ( 2 ,3 ,4 —t  n i phenyl cy o l op e n ta d i enyl.) pho sphoninm hromi do. 
(60) from 5“hromQ.«-‘2 ,3 ,4 ^ tn i  phenyl oyol o p en tad i ene and t r ip h e n y l­
phosphine none o f th e  ex p ec ted  s a l t  was form ed b u t a h ig h  
y i e ld  o f 2 ,3 ,4*“tr ip h e n y l  cy c l op e n ta d i ene (,58) was obtained*
PhPh,:?:S5\
H
Br.
H ^ ^^^3
Ph
MeBOg
Ph
,  B.
H
(58) H=Æ
(59)
(2 .2 9 )
I t ;  ap p e a rs  t h a t  th e  tr ip h en y lp h o sp h in e  in  n i  trom e thane  reduced  
th e  bromo compound (54) to  th e  d iene ( 5 8 ) .  An id e n t ic a l  
r e a c t io n  o ccu rred  when tr ip h e n y lp h o sp h in e  was added to  a  
s o lu t io n  o f 5^1)y 0190- 1 , 2 , 3 , 4 :rt e tra p h en y lo y c l open tad i ene in  
n itro m eth an e  and 2 ,3 ,4 ,5 —te tra p h e n y lc y c lo p e n ta d ie n e  (59) was 
ob ta ined*  The mechanism p ro p o sed  fo r  th e  r e a c t io n  i s  a s  fo llo w s :
Ph
tPPhu
Ph
Ph
+H BrPPh.
PhCCxRR
(2.3Q )
The tr ip h e n y lp h o sp h in e  a t ta c k e d  th e  e l e c t r o p h i l io  brom ine 
atom and d is p la c e d  th e  a ro m a tic  cycl o p en tad i en y l ani-on which 
th en  r e a c te d  w ith  t r a c e s  o f  w a te r in  th e  so lv e n t o r p o s s ib ly  
w ith  a p ro to n  from n itro m e th an e  to  g ive th e  observed  diene*
+ HBr
+ OPPh,
8.4*
I t  i s  known th a t, t e r t i a r y  p h osph ines in  h y d ro x y lie  s o lv e n ts  
w i l l  a t ta c k  a  p o s i t iv e ly  p o la r i s e d  halogen  of. an o rg an ic  
compound r e s u l t i h g  in  r e d u c t iv e  e l im in a tio n  o f th e  halogen^^^* 
In  t h i s  case th e  e le c t ro n —w ithdraw ing  e f f e c t  o f  th e  f i v e — 
memhered r in g  w i l l  ten d  to  p o la r i s e  th e  carbon  — brom ine bond, 
th u s  g iv in g  th e  brom ine atom a p a r t i a l  p o s i t iv e  ch a rg e , and 
th e  ca rb an io n  rem a in in g  a f t e r  removal o f  th e  bromonium io n  
w i l l  be s t a b i l i s e d  by d e lo c a l i s a t io n  o f th e  charge over th e  
fiveMTiembered r in g .  W ater may have been p re s e n t  in  sm all 
am ounts in  th e  n itro m e th an e  and t h i s  would be r a p id ly  a t ta c k e d  
by th e  oycl o p en tad i enyl anion* N itrom ethane i t s e l f ,  w ith  an 
a c id ic  p ro to n , may a ls o  be l i a b l e  to  a t ta c k  from th e  an io n .
The rea so n  t h a t  t h i s  type  o f  r e a c t io n  (2#3&) d id  n o t occur i n  
th e  case  o f 9“*^3?omofluoi*ene may be e x p la in e d  in  term s, o f th e  
r e l a t i v e  tendency  o f  th e  two system s, f lu o re n e  and cy c l openta­
di ene , to  lo s e  a p ro to n  to  form an a ro m atic  system* The pK^ 
of cy c l open tad i ene i s  15 compared to  23 f o r  f lu o re n e  and t h i s  
su g g e s ts  a g r e a te r  d r iv in g  fo rc e  to  form th e  a ro m atic  c y e lo -  
p e n ta d i enyl system  th an  th a t  to  form th e  co rresp o n d in g  f lu o re n y l 
system# T his means th a t  w hereas a t ta c k  on 9—brom ofluorene by 
tr ip h e n y lp h o sp h in e  o ccu rs a t  th e  carbon atom w ith  sim ple 
d isp lacem en t o f  th e  brom ide io n , th e  b r  om o cy c l  op e n ta d i ene s 
( 58 } and C59') w i l l  be more l i a b l e  to  a t t a c k  a t  th e  brom ine 
atom .
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I t  th e re fo r e  appeared  t h a t  i f  th e  r e a c t io n  o f 5"“T33?omo—
2,3  j4 ’~ tripheny l.oyo l o p en tad i ene w ith  tr ip h e n y lp h o sp h in e  was 
c a r r ie d  on t in  th e  absence o f  a  pro ton-*supplying so lv en t, th e  
only  p a th  open to  th e  d is p la c e d  an ion  wotild be a t ta c k  a t  th e  
phoaphoninni c e n tre  to  produce th e  phosphonium brom ide (6 0 ) ,
I t  was found t h a t  no so lv e n t was n ecessary*  A m ixture, o f th e  
two r e a c ta n t s ,  w ith  an ex cess  o f  tr ip h e n y lp h o sp h in e , was h e a te d  
a t  1 5 0 ^ and an a lm o st q u a n ti t a t i v e  y ie ld  o f  th e  brom ide ( 60 )
H.Ph
+ PPh.
Ph.Ph
Ph
BrPh.
•PPh.
(60)
was o b ta in ed . The r e a c t io n  (2 * 3 l)  i s  ag a in  c o n s id e re d  to  
p ro ceed  through, th e  cy c l op e n ta d i enyl an io n  w hich, in  th e  absence 
o f any o th e r  e l e c t r o p h i l e ,  a t ta c k e d  BrPPh^. A s im ila r  r e a c t io n  
o ccu rred  betw een th e  bromo compound (.59) and tr ip h e n y lp h o sp h in e .
The brom ide (60 ) was co n v e rted  in to  th e  c r y s t a l l i n e  
p e r c h lo ra te  ( 6 1 ) ,  whose spectrum was c o n s is te n t  w ith
th e  s t r u c tu r e  ( 6 1 ) ,  showing a  complex m u l t ip le t  c e n tre d  a t  2 .5 "1^  
and a s in g l e t  a t  5 *881^# Triphenylphosphonium  2,3,4-^triphenyl*-* 
cy c l op e n ta d i e n y l i  de ( 6 2 ) was p re p a re d  by hydr o ly  s i  s o f th e  
p e r c h lo ra te  ( 61 ) .
^  Ph
/ „ '  ( 6 2 )Ph'
+PPh.
(.61) (v.2.32)
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6 . PREPARATION OF TRIPHMYLARSQ1IIIBÎ 2 .3 , i-TRlPIMYLCYCLOPEWTA-  
BIMYLIBES
The method u se d  f o r  th e  p re p a ra t io n  o f tr ip h e n y lp h o  sphonium 
2 ,3 ,4 ‘^ 'triphenyl.oy c l o p en tad i e n y l i  de ( 62 ) d id  n o t ap p ear to  he 
su c c e s s fu l f o r  th e  p re p a ra t io n  o f th e  co rresp o n d ih g  arsoniumi 
y l id e ,  and 5*-hr om o.-‘2 ,3 ,4 - t r i  phenyl cyc l op e n ta d i ene a ls o  f a i l e d  
to  r e a c t  w ith  t r ip h e n y la r s in e  when th e  two compounds were 
b o i le d  in  n itro m e th an e  f o r  s ix  hours#
A number o f  r e p o r t s  have r e c e n t ly  ap p eared  in  th e  
l i t e r a t u r e  concerning* th e  p re p a ra t io n  o f sulphonium y l id e s  by 
co n d en sa tio n  o f  su lp h o x id es  w ith  compounds c o n ta in in g  an a c t iv e  
m ethylene group# Nozaki e t  a l #^^^ r e a c te d  d im e th y lsu lp h o x ide 
CH. .X (H. .^^s=o + H 0 :^   =». c c T
R'''^ R X
(2 .3 3 )
and m e thy lphenyl. su lphox i de w ith  m ethylene compounds. (,2*33) in  
which; th e  s u b s t i tu e n t s  X and Y were e i t h e r  k e to , e s t e r ,  or 
n i t r i l e  groups* The r e a c t io n s  were e f f e c te d  e i th e r  by h e a t in g  
th e  r e a c t io n  com ponents in  a c e t i c  anhydride  s o lu t io n  under 
r e f lu x  f o r  tw enty  h o u rs , o r  by  h e a tin g  a  tr ie th y la m in e . so lu tio m  
o f b o th  r e a c ta n t s  a t  100° f o r  f iv e  ho u rs  in  th e  p re sen ce  o f 
phosphorus p e n t oxide* A se a rch  o f th e  l i t e r a t u r e  showed th a t, 
no r s la t e d  r e a c t io n  had been c a r r ie d  out w ith  an a r s in e  ox ide 
and an a c t iv e  m ethylene compound, a lth o u g h  H orner and O ediger^^^
87;*
have r e a d ie d  *briphenyl.arsine d ic h lo r id e  w ith  a c t iv e  m othylene 
compounds to  a f f o r d  s t a b i l i s e d  arsonium  y l id e s .
A s o lu t io n  o f 2 ,3  ?4-t3?iphenyl oycl o p en tad i ene and t r i ­
p h e n y la rs in e  oxide in  t r ie th y la m in e  was h e a te d  to  r e f lu x  fo r  
tw e n ty -fo u r  h o u rs  w ith  phosphorus p en to x id o  added (2 .3 4 )#
Ph Pv,.P h p : j i \
[  )  + OAsPh.
P h
Ph
-AsPh
Ph
T his was found to  be a  su c c e s s fu l method f o r  th e  p re p a ra t io n  
o f t r ip h e n y l  a r  sonium 2 ^3 ,4"~"triphenyl cyc l op e n ta d i enyl i  de ( 63 ) 
which was o b ta in e d  in  yield^ '^^* When a s o lu t io n  o f 2 ,3 ,4" 
tr ip h e n y lc y o lo p e n ta d ie n e -  and t r ip h e n y la r s in e  oxide in  a c e t i c  
an h y d rid e  was h e a te d  to  r e f lu x  f o r  te n  m in u tes  a "jpfo y i e ld  o f
Ph ‘ Ph Ph
4- OAsPh- ■ — ■"(> ir  —})^AsPh^     '"3^  I —J^\-.AsPhg
Ph/"::%%/ P lA C / Ph^<:C/COGB-(.64) j
C2 . 3 5 )
t r ip h e n y l  arsonium  5 "-acety l—2 ,3 ,4—tr ip h e n y l  cy c l op e n ta d i e n y li  de 
( 64 ) was iso la ted ^ ^ ^ * . Presum ably th e  arsonium  y l id e  ( 63 ) was 
i n i t i a l l y  form ed and th en  r a p id ly  a c e ty la te d  by th e  a c e t i c  
an h y d rid e . The arsonium  y l id e  ( 63 ) h as  been  shown to  undergo 
a c e ty la t io n  r e a d i ly  ( .P a rt, I I , 7 , i i ) •
The a tte m p te d  p r e p a ra t io n  o f t r ip h e n y l  arsonium  2,3,4,5*"‘
88#
te i/rap h en y lo y c l op e n ta d i e n y li  de (39 ) u s in g  e i t h e r  triethylam ine».: 
and phosphorus p en to x id e  or a c e t i c  anh y d rid e  f a i l e d  su g g e s tin g  
tla a t i n  t h i s  case  s t e r i e  h in d ran c e  in h ib i te d  th e  r e a c t io n  
betw een 2 ,3 ,4»  5'^'tietraphenyl cy c l o pen tad i ene and t r ip h e n y la r s in e  
oxide* Howeuer i t  h as  been found th a t  b o th , d ib e n z o y lc y c lo -  
p e n tad ie n e  and d ip iv a lo y lc y o lo p e n ta d i ene. condense r e a d i ly  
w ith  t r ip h e n y la r s in e  oxide in  warm a c e t i c  anhydride  to  g ive 
th e  co rre sp o n d in g  In  t h i s  in s ta n c e  a c é ty la t io n
ROC
+ OAsPh.
ROC
ROO AsPh
R=Ph,
« « 3 )3
(2-iû)
d id  n o t occur owing to  th e  d e a c t iv a t io n  o f th e  five^-membered
r in g  caused  by th e  p resen ce  o f  th e  two e l e o t r on^-withdraw ing
168a c y l groups# D uring  the. co u rse  o f t h i s  work S e itz  r e p o r te d  
some r e l a t e d  r e a c t io n s  in  which sulphonium cy c l o pen tad i enyl id e s  
were formed# T h is  c o n s is te d  o f  m ixing 2 , 3 , 4 , ^ '-i^ 'ti^acarbo- 
m ethoxycyelopen tad iene w ith  a su lp h o x ide in  a c e t i c  anhydride  
a t  room tem p era tu re  and a f t e r  a  few hours th e  co rresp o n d in g  
sulphonium y l id e  co u ld  be is o la te d *
RR:oR 0=8 R<R’ RR S:R
( 2 . 37) E=00me
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7. PROPERTIES OP TRIPHMYLOYaCiOPMTADIMYLIDES.
( i )  P.vrii.dini’um 2 ,3 .4 —“trinhen.yl.cyclo p e n ta d ie n y lid e
The p y rid in iu m  y l id e  (57 ) was a p u rp le  s o l id ,  m e ltin g  a t  
183- 1 8 6 ^, which ap p eared  to  he s ta b le  f o r  months b u t in  s o lu t io n  
i t .  decomposed ra p id ly *  l i k e  th e  te tra p h e n y l analogue^^ ( l )  
i t  cou ld  n o t be r e c r y s t a l l i s e d  from any o f th e  common o rg an ic  
s o lv e n ts  and a tte m p te d  ohranatography  r e s u l t e d  in  im m ediate 
decom position  o f th e  y lid e*  However a  sample o f  th e  p y r i  dinium 
y l id e  (57 ) prep& red from th e  p e rc h lo ra te  ( 5 6 ) ,  under d u s t- f r e e  
c o n d itio n s , gave e lem en ta l a n a ly s is  f ig u r e s  which were c o n s is te n t  
w ith  th o se  f o r  th e  proposed  s tru c tu re *  The c o lo u rs  o f th e  
s o lu t io n s  o f p y r i  dinium 2 ,3 ,4 - t r ip h e n y l  cy c l open tad i e n y li  de, 
l i k e  th o se  of th e  o th e r  p y rid in iu jn  oycl op e n ta d i enyl id e s ,  
v a r ie d  w ith  th e  p o l a r i t y  o f th e  so lv e n ts  e * i n benzene 
and e th e r  i t s  s o lu t io n s  were b lu e  and in  m ethanol i t s  s o lu t io n  
was orange* The U.V. spectrum  o f th e  y l id e  was s im ila r  to  
th a t  o f th e  te  tra p h e n y l cy c l op e n ta d i e n y li  de and i t  showed a 
bathochrom ic s h i f t  o f th e  lo n g  w avelength band o f 52m^ from 
m ethanol to  benzpne*
Td) Reac-ttiQng o f  M-( 2 , 3 . enyl . ) -  
py rid in iu m  p e r c h lo r a te ,  
p-D im ethylam inobenza ld eh y d e . The p y rid in iu m  p e rc h lo ra te  
( 5 7 ) can be c o n s id e re d  a s  a s u b s t i tu te d  cy c lo p en tad ie n e  and
90
th e re fo r e  would be expected  to  have an a c t iv e  m ethylene giro.up,
e s p e c ia l ly  s in c e  t h i s  group i s  co n ju g a ted  w ith  a p o s i t iv e ly
charged: cen tre»  T h is  r e a c t i v i t y  was confirm ed by i t s  re ad y
co n d en sa tio n  w ith  p^dim ethylam inobenzaldehÿde • to  g ive a
PhPh,
Ph Ph
010
, 0 - 0
^  (56)
(p)M®2^0gH^CE0
(2 .3 8 )  — 2
^-dimQthylcuninoTseazyJiidsne d e r iv a t iv e  ( 6 $ ) « T h is wa,s a 
h ig h ly  co lo u re d  c r y s t a l l i n e  s a l t  which was p ro to n a te d  in  
a c id  s o lu t io n  to  g ive  a ye llow  d ic a t io n .
F o rm y la tio n » Since- th e  p y r i  dinium y l id e  (5 ?) ten d ed  to  
decompose in  s o lu t io n  a fo rm y la tio n  p r o c e d u r e  was adop ted  
which in v o lv e d  th e  u se  o f th e  p e rc h lo ra te  ( 5 6 )* A m o d ified  
v e r s io n  o f th e  V ilsm e ie r  r e a c t io n  developed by D ingw all and 
R eid^^^ was found to  g ive a  good y ie ld  o f p y r i  dinium 5—form yl— 
2 ,3 ,4 '- ta?i phenyl c y c l op e n ta d i e n y l i  de (6 6 ) , a b r ig h t  o ra n g e -red  
compound w hich, in  c o n t r a s t  to  th e  u n s u b s t i tu te d  t r ip h e n y l -
PhPh
Ph
010
( 5 6 )
i)Me2H0HS  ^
i i  )HaOH. ^
( 2 . 3 9 )
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Oycl op e n ta d i Gnylxde (5?)» co u ld  be chroma tograp h ed  and
n e c ry s ta l l i s e d *  The s t a b i l i t y  o f  th e  form yl compound (66)
a r i s e s  from th e  e le c tro n -w ith d ra w in g  e f f e c t  o f  th e  form yl
group which f u r th e r  d é lo c a l i s e s  th e  n e g a tiv e  c h a rg e * . I t s
—1I*R* spectrum  showed a carbony l a b s o rp tio n  a t  I 615 cm which 
in d ic a t e s  c o n s id e ra b le  p o la r i s a t i o n  o f th e  carbon—oxygen 
double bond, and i t s  U.V# spectrum  showed a bathochrom ic 
s h i f t  o f  th e  lo n g  w avelength  a b s o rp tio n  by 80 ny& from m ethanol 
to  benzene su g g e s tin g  a h ig h ly  d ip o la r  ground s ta te *  The IT.M.R* 
spectrum  in  d e u te r io c h lo ro fo rm  Wiowed a complex m u l t ip le t  
c e n tre d  a t  2*3'T  ^nd a sharp  s in g le t  a t  0 *50 'T ' due to  th e  
form yl p ro to n .
( i i )  and ,'Tyiphen.ylar.sonium .2 ,3 ,4 -W p h e i iy l-
cy c lo p en tad i e n y l i  de s *
a) P h y s ic a l P r o p e r t i e s .
Both th e  tripheny lphosphonium  and tr ip h en y la rso n iu m  
y l id e s  ( 62 ) and ( 63 ) were p a le  yellow  c r y s t a l l i n e  compounds 
which m e lte d  a t  259*“26l ^  and 198—200^ re s p e c tiv e ly *  They 
ap p eared  to  be s ta b le  i n d e f i n i t e l y  and were reco v e red  unchanged 
a f t e r  each had been b o i le d  in  e th a n o lio  sodium hydroxide 
s o lu t io n  fo r  e ig h te e n  hours* T h e ir  U.V* s p e c tra  were alm ost 
i d e n t i c a l  w ith  th o se  o f th e  co rresp o n d in g  te tra p h e n y l an a lo g u es
( 3 8 ) and ( 3 9 ) '  I"he y l id e s  ( 6 2 ) and ( 63 ) were so lu b le  in  
d i lu t e  m in era l a c id s  and were c h a r a c te r i s e d  a s  th e  yellow
92,
PhP h ( g g ^
Ph
a«
XPh.. +
Ph
h .
(38) &=P
(39) %=A8
Ph
Ph Ph
a* h*
( 62) X=P
(63) »=As
c i y s ta U in e  p e r c h lo ra te s  ( 6 l )  and ( 6 4 ) r e s p e c t iv e ly .  The M.H.R.
s p e c tra  o f th e  s a l t s  were c o n s is te n t  w ith  th e  s t r u c tu r e  shown, 
and f u r th e r  ev id en ce  f o r  th e  p resen ce  o f a m ethylene group 
was o b ta in e d  by r e a c t in g  each p e rc h lo ra te  w ith  ^ -d im e th y l-
Ph% CIOHrXPh. 4 (61) X=P
( 64 ) X=As
ami nob en z a l dehyde to  form a p —dime thylam in  ob en z y i i  dene 
d e r iv a t iv e  ( of* r e a c t io n  (2*38) ) •  The pK^* s o f  the. p e r c h lo r a te s  
( 6 1 ) and ( 64 ) ,  d e term ined  in  95?^  e th a n o l, were 4*2 and 6 ,6  
re s p e c tiv e ly *  T h is  in d ic a te s  th a t  th e  arsonium  y lidec ( 63 ) 
was more b a s ic  th a n  th e  phosphonium y l id e  ( 62 ) and i s  e x a c tly  
analogous to  th e  te t r a p h e n y lc y c lo p e n ta d ie n y lide systems 
( s e e  P a r t  I I ,  3, i ) . I n  o th e r  words, ( 62b) c o n t r ib u te s  l e s s  
to  th e  o v e ra l l  s t r u c tu r e  o f tripheny lphosphonium  2,3,4"" t r ip h e n y l-  
cyclop  e n ta d i eny l i  de th an  does ( 63b) to  th e  o v e ra l l  s t r u c tu r e
93
o f  th e  arsoni-um y l id e  ( 63 )* îh e  low er pK^ v a lu e s  o f th e  
2 ,3 ) 4-^tr ip h en y l oycl open tad i e n y l i  dee compared w ith  tk o se  f o r  
th e  co rresp o n d in g  2 ,3 ,4 ,5"~t G trapheny loycl op e n ta d i e n y l i  des 
s im i la r ly  in d ic a t e s  a g r e a te r  o o n tr ih u tio n  from th e  non­
p o la r  form in  th e  case  o f the. 2 ,3 ; 4—i 3^ ipl'G]^ylGyGl op en t a — 
d ie n y l ides and may he r a t i o n a l i s e d  in  te rm s o f s t e r i e  e f f e c t s .  
I n t e r a c t io n  o f th e  ex o cy o lic  phenyl groups w ith  th e  phenyl 
groups a t  p o s i t io n s  2 and 5 o f  th e  five-m ernhered r in g  in  th e  
t  e tra p h e n y l cy c l op e n ta d i enyl i  de s w il l  ten d  to  reduce  th e  double 
bond n a tu re  o f th e  G-X bond, r e s u l t i n g  in  more d ip o la r  c h a ra c te r ,  
T h is  i n t e r a c t i o n  w i l l  be l e s s  in  th e  case o f  th e  t r ip h e n y l -  
cyc l o p en tad i enyl i d e s  in  whi ch th e re  i s  on ly  one a d ja c e n t 
phenyl group on th e  five-m em bored r in g  and th u s  g r e a te r
double bond c h a ra c te r  o f th e  G-X lin k a g e  i s  p o s s ib le .  The
170f a i l u r e  by Pau son and W illiam s to  p re p a re  o c tap h e n y lfu lv a le n e  
was a t t r i b u t e d  to  a s im ila r  b u t f a r  more e v id e n t s t e r i e  i n t e r — 
a c t i  on « Vfherea s 2 ,3 ,4 ;2 * ;3 * ,4 i  —h ex ap h en y lfu l v a l ene ( 6 7 ) 
was r e a d i ly  i s o l a t e d  and c o n s id e re d  to  e x i s t  a s  a r e l a t i v e l y  
u n h in d e red  (an d  p ro b ab ly  n e a r—p la n a r)  t r a i l s - iso m e r, th e
(.67) ( 68)
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a ttem p ted  p r e p a ra t io n  o f o c ta ,p h en y lfu lv a len e  alw ays r e s u l t e d  ina 
th e  fo rm a tio n  o f th e  d ihydro  d e r iv a t iv e  ( 6 8 ) .  These w orkers 
concluded  th a t  t h e i r  i n a b i l i t y  to  in tro d u c e  a 1 , 1 ’ -d o u b le  
bond in to  ( 68 ) was due to  th e  s t e r i e  overcrow ding o f th e  
2 , 5 >2 ’ , 5 ’ - s u b s t i t u e n t s  which made c o p la n a r i ty  im possib le*
b) R e a o tio n s*
Garbonvl Compounds# L ik e  i t s  te tra p h e n y l analogue 
tripheny lphosphonium  2 , 3 , 4 - t r ip h e n y lc y c lo p e n ta d ie n y l ide ( 62 ) 
d id  n o t r e a c t  w ith  carbony l compounds* The arsonium  y l id e  
( 6 3 ) r e a c te d  w ith  b o th  benzaldehyde and jg—n i t r o b enzaldehyde 
to  g ive  fu lv e n e s  i n  35^  and ^QP/q y ie ld s  r e s p e c t iv e ly .
6 4 (p;
( 69 ) %=&
( 70)
The r e a c t i v i t y  o f  th e  two y l id e s  ( 62) and ( 6 3 ) w ith  oarhonyl 
compounds in d ic a te s  th a t  t h e i r  n u c le o p h i l ic i ty  p a r a l l e l s  
t h e i r  b a s i c i t y ,  a s  was a ls o  found fo r  th e  te tra p h e n y l ana logues
( 3 8 ) and ( 3 9 )* However in  th e  case o f  th e  two arsonium  y l id e s
( 3 9 ) and ( 63) ,  th e  y l id e  ( 6 3 ) had a low er pK^ and would th e re fo re  
be ex p ec ted  to  be l e s s  r e a c t iv e  tow ards e l e c t r o p h i l ê s ,  y e t  i t  
was s l i g h t l y  more r e a c t iv e  tow ards benzaldehyde* T h is ap p a ren t 
c o n tra d ic t io n  may be due to  a low er s t e r i e  in h ib i t io n  i n  th e
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■fcriphenyloyQl.o.pontadienyl.ide ( 63 ) ,
N iifeesQbenzene* phospHeniaim. y l id o  ( 62 ) had n o t
reacxted w ith  n itro so b e n z e n e  a f t e r  th e  r e a c ta n t s  had been 
r e f lu x e d  in  benzene for. e ig h te e n  h o u rs . Under th e  same 
c o n d itio n s  th e  arsonium  y l id e  ( 63 ) ga"\pe a  y ie ld  o f  U-phenyl- 
3 ,4 .‘“'^3?iphenyl cy c l op en ta  d ienone ketoxim e ( 71) ,  Üliis
was a low er y i e ld  th a n  was o b ta in e d  from th e  co rresp o n d in g
Ph PbNO + AsPh^
Ph
(71)( 6 3 )
( 2 . 4 1 )
r e a c t io n  o f th e  te t ra p h e n y l  analogue (2*15) and c o r r e la te s
w ith  th e  low er b a s i c i t y  o f  th e  y l id e  ( 6 3 ) .  N ^Phenyl2.,3 , 4—
tr ip h e n y le y d o p e n tadi:enone a n i l  ( 72 ) was n o t d e te c te d  in  th e
r e a c t io n  (2 .4 1 )•  A lthough 2,3? 4 - tr ip h e n y lc y c lo p e n ta d ie n o n e
171has been p re p a re d  a s  a s ta b le  monomer m ost t r i s u b s t i t u t  ed 
cyclop e n ta d i enone s e x i s t  a s  d im ers. Howeuer th e  a n i l  ( 72 ) 
cou ld  n o t have been  form ed and th en  lo s t ;  by d im é r is a t io n  
s in ce  i t  was shown to  be s ta b le  under th e  r e a c t io n  co n d itio n s*  
The N-"Oxido ( 7 1 ) was a ls o  p rep a red  from 2 ,3 ,4'-"triphenyl'~ 
d ia zo cy c lo p en tad ie n e  and n itro so b e n z en e  ( o f .  2 . 23 ) and i t s  
p r o p e r t i e s  were v e ry  s im ila r  to  th o se  o f th e  te tra p h e n y l 
analogue (45)* R eduction  o f  th e  N—oxide ( 7 1 ) was e f f e c te d
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u s in g  tr ip h e n y lp h o sp h in e  it© g iv e  N-phenyl. 2 ,3?4~^riphenyl-»  
G yclopentciâienone a n i l  ( 72 ) which had been p re p a re d  a l t e r n a t i v e l y
PPh3
( 2 . 4 2 )
by co n d en sa tio n  o f 2^3}4*"triphenylG yclopG ntadieno w ith  
n itro so b en zen e*  The a n i l  ( 7 2 ) was a s ta b le  h ig h ly  c r y s t a l l i n e  
monomer which showed no tendency  to  d im e riso . I t s  U.V. spectrum; 
was s im ila r, to  t h a t  o f 2 ,3  j 4? 5~ te  trap h e n y l oycl o p en tad i enone 
ex cep t f o r  a  hyp so chrom ic s h i f t  o f th e  lo n g  w avelength  
a b s o rp tio n  by 39%/^ «
E le o ttrQ p h ilie  S u b s titn t io n *  C y c lo p en tad ie n y lid e s , by 
v i r t u e  o f th e  h ig h  charge d e n s i ty  on th e  fiyo -^em b ered  r in g ,  
a re  prone to  e l e c t r o p h i l io  a t t a c k  ( se e  P a r t. I ,  S ec tio n  2 ) .  
A c é ty la t io n  o f tripheny lphosphonium  and t r i  p h en y la r  sonium.
2 ,3 ,4 -" tr ip h en y lc y c l o p en tad i eny l i  de s took  p la c e  r e a d i ly  when 
e&ch y l id e  was h e a te d  to  r e f lu x  in  a c e t i c  an h y d rid e . The 
carbon-oxygen bond in  b o th  a c e ty l  compounds (7 3 ; X«p,As)
PhP h
"XPhP h
COCH,
cl<
PhPh
Ph
( 7 3 ) X«P,As
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appeared  to  be h ig h ly  p o la ris e d #  The I#R# spectrum  o f each
*"1compound d id  n o t show carbony l a b s o rp tio n  above 1600 cm 
and below t h i s  v a lu e  i t  was d i f f i c u l t  to  i n t e r p r e t  th e  
s p e c tra  owing to  th e  p re se n ce  o f a b s o rp tio n  due to  th e  phenyl 
groups* I t  seems p ro b ab le  t h a t  in  each case  th e  c lo s e  p ro x im ity  
o f th e  p o s i t iv e ly  charged  h e te ro -a to m  w i l l  encourage p o la r i s a t i o n  
o f th e  carbon—oxygen bond f u r th e r .  The U.V. s p e c tra  o f  th e  
two a c e ty l  compounds (73? X « P, As) were alm ost i d e n t i c a l  
and t h e i r  H.M.R# s p e c tr a  showed a  complex m u l t ip l e t  c e n tre d  
a t  2 .71^ and a sharp  s in g le t  a t  8 .2 'T  co rresp o n d in g  to  a 
m ethyl group. As a r e s u l t  o f th e  in c re a s e d  d é lo c a l i s a t io n  
o f th e  n e g a tiv e  charge  in to  th e  carbony l group, t r ip h e n y l-  
arsonium  5‘"ao e t y l - 2 , 3 , 4 - t r i  phenyl cycl op e n ta d i e n y li de (7 3 ; XwAs) 
had  n o t r e a c te d  w ith  2 ,6 —d in itro b e n z a ld e h y d e  a f t e r . t h e  r e a c ta n t s  
had been h e a te d  to  r e f lu x  in  carbon te t r a c h lo r id e  f o r  tw en ty - 
fo u r  h o u rs .
P o rm y la tio n  o f th e  tripheny lphosphonium  and t r ip h e n y l— 
arsonium  2 ,3 ,4“ t r i p h e n y lc y c lo p e n ta d ie n y lid e s  was e f f e c te d  w ith  
phosphorus oxychl o r id e  in  dim e th y l form ami de and subsequent 
b a s i f ic a t io n #  The r e s u l t a n t  9'"formyl compounds(74? X=P,As) , 
and t h e i r  p e r c h lo r a te s ,  had elem ental, a n a ly s is  f ig u r e s  which 
were c o n s is te n t  w ith  th e  p roposed  s t r u c tu r e s ,  b u t t h e i r  
N.M.R. s p e c tra  in  b o th  d e u te r io  chi. o r o f  orm and t r i f l u o r o a o e t i o  
a c id  showed on ly  a complex m u l t ip le t  c e n tre d  a t  2*8 'T  w ith  no
9 8 .
s ignait co rre sp o n d in g  to  an aldehyde proton# An e x p la n a tio n  
f o r  t h i s  hehaM ionr i s  th a t  a  la rg e  c o n tr ih u t io n  from a
Ph
(7 4 ) &=P,As
reso n an ce  form o f  th e  type ( 74%) i s  ag a in  re sp o n s ib le *  The 
form yl group w i l l  g a in  a h ig h  degree o f n e g a tiv e  charge from 
th e  five-m ernhered r in g  r e s u l t i n g  in  a h ig h ly  p o la r i s e d  
earhon-oxygen hond, and thie ex o cy c lio  oarhon-carhon  l in k a g e  
w i l l  assume more double hond c h a ra c te r*  T h is  w i l l  te n d  to  
p roduce a more r i g i d  s t r u c tu r e  w ith  th e  c o r r e c t  geom etry 
f o r  maximum in t e r a c t i o n  betw een th e  oxygen atom and th e  
p o s i t iv e ly  charged  hetero -a tom # The s in g le  p ro to n  w i l l  th u s  be 
in  a d i f f e r e n t  environm ent from th a t  o f a  normal a ldehyde p ro to n  
and t h i s  may r e s u l t  i n  a  r e d u c t io n  o f th e  de s h ie ld in g  norm ally  
a s s o c ia te d  w ith  th e  carbonyl bond* The N.M.R* s ig n a l o f  t h i s  
p ro to n  cou ld  th e r e fo r e  ap p ear in  th e  re g io n  2#2— and 
co n seq u en tly  he h id d en  under th e  complex m u l t ip le t  due to  th e  
pheny l p ro tons#  The I .R . s p e c tr a  o f th e  two form yl compounds 
(7 4 ; X sP,A s), which were a lm o st i d e n t i c a l ,  d id  not, show a 
normal carbony l ab so rp tio n *  The only a b s o rp tio n  in  the.-
I —1carbony l re g io n  was one a t  I 6.QO cm b u t t h i s  a b s o rp tio n  was
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a ls o  p ro  se n t i n  th e  s p e c tra  o f th e  u n fo rm y la ted  compounds 
and was a t t r i b u t e d  to  th e  phenyl g roups. I t  ap p ears  t h a t  in  
th e se  form yl compounds (,74? , As) th e re  i s  an i n t e r e s t i n g
in tra m o le c u la r  e l e c t r o s t a t i c  e f f e c t  which r e q u i r e s  f u r th e r  
inve  s t i  g a t i  on.
8 . MISCELLMBQUS REACTI01^ S
( i )  R e ac tio n  betw een ‘5*“1 e trap h en y Id iazo cy c lo u G n tad ien e
and T etrahydroth ionhene-^i.l."«di ozido 
174W hiting  r e p o r te d  th e  i s o l a t i o n  o f a c r y s t a l l i n e  s a l t
( 75 ) and i t  was th o u g h t t h a t  th e  s t r u c t u r a l l y  s im ila r  pseudo— 
y l id e  ( 76 ) m ight be i s o l a b le .  However when 2 ,3 j4 i5 “*tetraphenyl*
^^4 0 ^  o--Ph.
(75)
Ph Ph
Ph
Ph
d ia z o cy c lo p en tad ie n e  was decomposed in  te tra h y d ro th io p h e n e — 
1 ,1 -d io x id e  un d er an atm osphere o f n itro g e n  a  h ig h  y ie ld  o f 
2 ;3 ,4 ,5 " te tra p h e n y lc y c lo p e n ta d ie n o n e  was obtained* I t  seems 
t h a t  2 ,3 ,4 ,5 " te trap h en y lo a rb en acy G lo p en tad i ene may have re a c te d
3 # ' .  • • V.Ph ( f  %  PH II
( 2 . 43 )
lOQ.*
w ith  te tra h y d o ? Q th io p h e n e -l,l-d io x id e  to  form ( 76 ) a s  an~ i n t e r ­
media to  which b roke down, Qwing to  th e  l a r g e  d r iv in g  fo rc e  
to  form 2 ,3 ,4 ,5^^te tra p h e n y l cy c l op e n ta d i en one. The o th e r  
p ro d u c t p roposed  from t h i s  p o s tu la te d  mechanism, te tr a h y d ro — 
th io p h e n e - l-o x id e , cou ld  n o t bo detected*
( i i )  R eac tio n  betw een P y rld in inm  2«3*4*5—te tra n h e n y lo v o lo p e n ta -
d ie n y lid e  and T ripheny lphosph ine
P ranzen  and W itt ig  found th a t, trim ethylam m onium m ethylldo
d is s o c ia te d  to  tr im e th y lam in o  and m ethylene s in c e  th e  l a t t e r
cou ld  be tra p p e d  by a d d i t io n  o f  tr ip h e n y lp h o sp h in e  and bonzo-
phenone, presum ably v ia  th e  in te rm ed ia te , fo rm a tio n  o f t r i -
phenylphosphonium m ethylide ( s e e  P a r t  I ,  P la te  11,)* A lthough
p y r i dinium  2 ,3 ,4 , 5'“ie tra p h e n y l.c y c l open tad i en y lid e  i s  a s ta b le
y l id e  th e  p o s s i b i l i t y  o f  i t s  d is s o c ia t io n  in  s o lu t io n  in to
p y r i d ine and 2 ,3 ,4 ,5 ’^ te tra p h e n y l oarbenacyo l o p en tad i ene was
b r i e f l y  in v e s tig a te d #  The y l id e  was h e a te d  w ith  t r ip h e n y l—
phosphine a t. 210° and i t  was expected  t h a t  i f  th e  carbene were
to  be form ed i t  would couple w ith  the  phosphine to, g ive  th e
known phosphonium y l id e  (.38) which would have su rv iv ed  th e
r e a c t io n  c o n d it io n s . T h is compound ( 38 ) was n o t d e te c te d  b u t
a b la c k  u n id e n t i f ie d  c r y s t a l l i n e  su b stan ce  was i s o l a t e d  in
good y ie ld .  I t s  R.M.R. spectrum  showed on ly  a  complex m u l t ip le t
c e n tre d  a t  and i t s  e lem en ta l a n a ly s is  f ig u re s  and m olecular.
w eig h t su g g ested  an e m p ir ic a l fo rm ula o f C Hdy
PART III
JOTJSBIMMTAL
! •  MATERIALS AND APPARATUS
U l t r a - v io le t  and v i s i b l e  s p e c tra  were m easured w ith  a 
Unicam S .P .800 in strum en t*
I n f r a - r e d  s p e c tra  w ere o b ta in ed  w ith  e i th e r  a P e rk in -  
Elm er 137 in s tru m e n t or a P erk in -E lm er 257 in strum en t*
N*M*R* S p e c tra  were c a r r i e d  out a t  34° on a P e rk in -  
Elmer RIO sp e c tro m e te r o p e ra t in g  a t  60M c/sec,, a t  a sweep- 
r a t e  o f 1 *6c/seo* /sec*  and a sweep-width o f 600o*/seo*o 
M icro an a ly ses  were c a r r ie d  out by Dr»*s W eiler. and 
S tra u s s ,  O xford, D r*A •B ernhardt, M ullheim , Germany, and 
Mr*JoB*Bews, St.A ndrew s U n iv e r s i ty , S co tla n d .
Column chrom atography was c a r r ie d  out in  a l l  o ases  on 
a c t iv a te d  a lum ina , Spence Type H 100/200 mesh.
Thin l a y e r  chrom âtograph^r was done on s i l i c a  (M.N .K ie s e lg e l  G). 
co a te d  p l a t e s .
L ig h t pe tro leum  r e f e r s  to  l i g h t  petro leum  40-60° ujoless 
o th e rw ise  s t a te d .
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2 . PREPAmTIOE OF SUBSTITOTISD DlAZOCYCIiOPM^TADIM^TES
( i )  2 , 3 , 4 , 5 e tra p h en y ld ia zo o y o lo ip en ta ^ _ ^ e
88The method o f R e g itz  and  L iedliegener was u se d  w ith  some 
m o d if ic a tio n . P ip e r id in e  ( $ . l g , , 60m.moles) and p - to lu e n e -  
su lphonyl a a id e  (4#4g*, lOÿb excess) were added to  a suspension  
o f f in e ly  ground 2 ,3 ,4 ,5 - te tr a p h e n y lc y c lo p e n ta d ie n e  (7*4g*j 
20m, mol es) in  a c e t o n i t r i l e  ( 100ml#) and th e  m ix tu re  was s t i r r e d  
and k ep t a t  20^ on a w a te r—b a th . The w h ite  su sp en sio n  became 
deep orange in  co lo u r  and a f t e r  3 h r, was f i l t e r e d  o f f  to  g ive  
an orange s o l id .  The s o l id  was d is s o lv e d  in  a minimum amount 
o f benzene and a p p l ie d  to  an alum ina column p re p a re d  w ith  a 
l 5 l  m ix tu re  o f benzene and l i g h t  petro leum  (b .p#  80-100^). 
E lu t io n  w ith  a m ix tu re  o f benzene and l i g h t  petro leum  ( b .p .  8 0 - 
100°) ( l : l )  b ro u g h t o f f  a ye llow  band which gave an orange 
s o lu t io n .  E v ap o ra tio n  o f th e  so lv e n t and r e c r y s t a l l i s a t i o n  
from n i trom ethane gave 2 ;3 ;4 ;5 ^ ^ e tra p h e n y ld ia z o o y c lo p e n ta d ie n e  
(5*9g*j 75^0 8,8 y e llo w -o ran g e  n e e d le s , m .p. 1 4 8 ° ( l i t^ ^ ,1 4 9 ° | 
1 4 3 -1 4 4 °).
( i i )  .â iJ jin 2 £ lP jia iK 3 Jâ a z o o ^
P ip e r id in e  ( $ . l g , , 60ni,moles) and p—to lu e n e su lp h o n y la z ide 
(4#4g#, lOÿi ex cess) were added to  a su spension  o f f in e ly  
ground 2 ,3 ,4 ~ tr ip h e n y lc y c lo p e n ta d ie n e  (5«9g’*j 20m.moles) in  
a c e t o n i t r i l e  (lO O m l.). The same p roced u re  was fo llo w ed  a s  
in  th e  p re v io u s  p re p a ra t io n  and th e  d i r t y  orange s o l id  o b ta in e d
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was d is s o lv e d  in  a minimum q u a n t i ty  o f benzene and a p p lie d  to  
an alum ina column p re p a re d  w ith  a 1 :1  m ix tu re  o f  benzene and 
l i g h t  petro leum  (b$p , 80 -1 0 0 °)• E lu tio n  w ith  t h i s  m ix tu re  of 
s o lv e n ts  b ro u g h t o f f  a  y e llo w  band which gave an orange s o lu t io n .  
The so lv e n t was ev a p o ra ted  and th e  r e s id u e  t r i t u r a t e d  w ith  
e th an o l ( l5 m l.)  to  g ive orange c r y s ta l  s o f 2 ,3  j4'~i3?i pheny l-  
d ia zo c y c lo p en ta d ie n e  ( 5 .1 g . , 80^), m .p. 1 5 8 -1 5 9 ° ( l i t^ ^ ,165 - 1 6 7 ° ; 
l i t ^ ^ , 1 5 9 *5 °)* A ttem pts to  p u r ify  th e  compound by r e o r y s t a l l -  
i s a t i o n  alw ays le d  to  p a r t i a l  decom position  when th e  s o lu t io n  
was h ea ted .
( i i i )  5-Byomo-2, oojLÇl
A m o d if ic a tio n  o f th e  method d e s c r ib e d  by L loyd and
87Wasson was u se d , N-Lr om o sue c in i  mi de ( l . 2 g . , 7 # .m oles) was 
added to  a s o lu t io n  o f 2 ,3 ,4“*t3?i phenyl d iazo cy c lo p en tad ien e  
( 2 .2 4 g # , 7m*moles) in  ch lo roform  (2 0 m l.) . The s o lu t io n  was 
warmed on a w a te r—b a th  a t  5^° f o r  30min. d u rin g  which tim e i t  
became deep r e d .  The s o lu t io n  was co o led  and th e  volume red u ced  
to  ^ca. 5ml. and e th e r  (2 5 m l.)  added. The s o lu t io n  was washed 
th o ro u g h ly  w ith  w a te r , d r ie d  (Wa^BO^), and th e  so lv e n t ev ap o ra ted  
to  g iv e  an orange r e s id u e .  T his was tak en  up in  a minimum 
q u a n t i ty  o f  benzene and chrom atographed on an aliunina column 
p re p a re d  w ith  benzene. The i n i t i a l  ye llo w  f r a c t io n  e lu te d  
w ith  benzene gave, on ev a p o ra tio n  o f th e  so lv e n t and 
r  ee ry  s t a l l !  s a t io n  from n i t  r  om e than  e , 5”^i'’omo-*2,3,4"-t r ip h e n y l -
104.
diazooyolopen-fcadiene (2 .5g»» a s  yellow  n e e d le s ,
m .p. 130-131  ° ( l i t® '^ .1 2 8 -1 3 0 °).
( i v )  5 -G ia0320-2.3..4-toAptenyldia.zopyclo_pe.ni;adiene
N -C hlorosuccin im ide ( 0 ,5 g . , 3m*moles + ex cess) was 
added to  a  s o lu t io n  o f 2 ,3 ,4 ^ tr ip h e n y ld ia z o c y c lo p e n ta d ie n e  
( 0 *96 g , , 3num oles) in  ch lo roform  (20ml*)* The s o lu t io n  was 
h e a te d  a t  60° on a w a te r-b a th  f o r  30m in*, co o led , and th e  
so lv e n t removed* The r e s id u e  was d is s o lv e d  in  e th e r  ( 50ml#) 
and th e  s o lu t io n  washed th o ro u g h ly  w ith  w a te r , and d r ie d  
(Na^SO^)* Removal o f th e  so lv e n t gave an orange re s id u e  
which was chromaitographed on an alum ina column p re p a re d  w ith  
benzene and w ith  benzene a s  e lu a n t .  The i n i t i a l  ye llow  band 
gave an orange s o lu t io n  which on rem oval o f th e  so lv e n t and 
r e c r y s t a l l i s a t i o n  from n itro m e th an e  gave 5~obloro—2 ,3 ,4 ^  
t r i  phenyl d ia z o c y c lo p e n ta d ie n e  (0 ,8 5 g * , 84 0^) a s  golden  f l u f f y  
n e e d le s , m.p* 143-145°(^.ecomp*)• (Pound; 0 , 7 1 .8 ; K, 4 . 7 ?
N, 4*1* ^28^^ 1 5 ^^ r e q u ir e s  G, 72*0? H, 4*5? 4* l)*
1 0 5 .
3 . REAOTIOH S_ OP 2_,.3 , _ 4 , A Z O O Y O L O P E I ^ ' r A D I M E
Oxygen—f r e e  n i tro g e n  was p assed  th rough  a s o lu t io n  o f 
f r e s h ly  d i s t i l l e d  p y r id in e  (5 m l.)  and 2 ,3 ,4 ,5 ~ te t ra p h e n y ld ia z o -  
o y c lo p en ta d ien e  (0*39ê'*j Im .m ole) and th e  m ix tu re  b o i le d  under 
r e f lu x  f o r  1 5 m in ,. D uring  t h i s  tim e th e  co lo u r o f th e  s o lu t io n  
became b lu e —purp le*  The I*R. spectrum  o f a sample removed 
from th e  m ix tu re  showed th e  absence o f th e  c h a r a c t e r i s t i c  
d iazo  a b s o rp tio n  a t  2000-2200cm ^ which confirm ed com pletion  
o f th e  re a c tio n *  The co o led  m ix tu re  was poured  in to  w ater 
( 50mlo) and th e  dark  b lu e  g r i t t y  p r e c i p i t a t e  o f  p^^ridinium 
2 , 3 , 4 , 5^"ke trap h en y lo y o lo p en tad ien y lid a  (0 * 4 2 g ,, ) was
f i l t e r e d ,  washed w ell w ith  w a te r , and d r ie d . The crude y l id e  
which m e lted  a t  190 - 1 9 5 °(li*fc^^ •208-210°) d id  n o t d ep re ss  th e  
m e ltin g  p o in t o f an a u th e n t ic  sample.
Hydrobromic a c id  ( 0 .2 m l., 47?0 add-èd to  a s o lu t io n  
o f th e  p y rid in iu m  y l id e  (0 .2 2 g # , 0.5m .m ole) in  e th a n o l (lO m l.) 
and th e  deep r e d  co lo u r  changed to  y e llo w . C harcoal ( 0 .2 g . ) 
was added and th e  s o lu t io n  was b o ile d  f o r  2min* and then  
f i l t e r e d  w h ile  s t i l l  h o t .  E th e r  was added to  th e  coo led  
s o lu t io n  u n t i l  th e  brom ide p r e c i p i t a t e d  (0 ,1 5 g # , 569^)* A 
sample was r e c r y s t a l l i s e d  from e th an o l a s  p a le  ye llow  n e e d le s , 
m .p . 2 0 8 -2 1 0 ° ( l i t9 4 .2 1 3 -2 1 5 °).
( i x )  4 -M ethylpyriÆ lne
A s o lu t io n  o f 2 ,3 ,4 ?  5*“te t r a p h  enyl d iazo cy c lo p en tad ien e  
(0«39g*, Im .m ole) in  f r e s h ly  d i s t i l l e d  4 ’- 'm eth y lp y rid in e  ( 5m l.)  
was t r e a te d  u n d er th e  same c o n d itio n s  a s  d e s c r ib e d  in  th e  
p re v io u s  experim ent to  g iv e  4 -m ethyl py rid in iu m  2 , 3 , 4 , 5-  
te t r a p h e n y lc y c lo p e n ta d ie n y l ide ( 0 . 4 3 g , , 96^ ) .  The crude 
y l id e  had m .p. 201- 2 Q 3 ° ( l i t ^ ^ .208 -210°).
Hydrobromic a c id  (0 * 2 m l., 47^5) was added to  a s o lu t io n  
o f th e  4-î)i e th y l py rid in ium  y l id e  ( 0 .2 3 g . , 0 .5m.mole) in  e th an o l 
( 5 m l.) ,  E th e r  (lOm l#) was added to  th e  yellow  s o lu t io n  to  
g iv e  a yellow  s o l id  which was r e c r y s t a l l i s e d  from e th an o l 
to  g ive  H -(2 , 3 , 4 , 5 -tG trapheny lcyclopen tad ieny l)-4 -i)^© thy l-"  
py rid in ium  brom ide ( 0 ,1 4 g . , 50^ ) as  ye llow  n e e d le s , 
m .p. 2 l8 - 2 2 0 ° ( l i t9 4 ,218- 220° ) .
( i l l )  .g-^fethjy-lpyx-idine
A s o lu t io n  o f 2 ,3 ,4 ,5 - t  e trap h en y l d i a zooy c l op e n ta d i ene 
(0*39g#, Im .m ole) in  f r e s h ly  d i s t i l l e d  2 -m e th y lp y rid in e  (5 m l.)  
was su b je c te d  to  th e  same c o n d itio n s  a s  in  th e  case  o f 
p y r id in e  to  g iv e  2-m ethy lpy rid in ium  2 ,3 ,4 ,5 - te t r a p h e n y l -  
o y c lo p e n ta d ie n y lid e  ( 0 .4 0 g , , 86^), The crude y l id e  m elted  
a t  190 - 1 9 5 ° .
Hydrobromic a c id  ( 0 .2m l* , 47^) was added to  a s o lu t io n  
o f th e  2 -m ethy lpy rid in ium  y l id e  (0 * 2 3 g ., 0#5m.mole) in  e th a n o l. 
E th e r  (5 m l,)  was added to  th e  yellow  s o lu t io n  to  g ive  a
yellow  p r e c i p i t a t e  which was r e c r y s t a l l i s e d  from e th a n o l, w ith  
e th e r  added to . i n i t i a t e  c r y s t a l l i s a t i o n ,  to  g ive  3 ,4 ,5 -
t  e tra p h en y l cy c l  op e n ta d i eny l ) -2-m e th y l p y r i  dinium brom ide 
(G*12g«, 44?0 a s  y e llo if  n e e d le s , m,p* 198-200°.
( iV ) 2 16-P im e th y lp y rid in e
2 ,3 ,4 ,5 - 1 e tra p h e n y ld ia z o c y c lo p e n ta d ie n e  ( 0 .8 g . , 2m.moles) 
was added to  d r ie d  f r e s h ly  d i s t i l l e d  2 , 6 -d im e th y lp y rid in e  
(5m l*). O xygen-free n i t r o g e n  was p assed  th rough  th e  m ix tu re  
which was g e n tly  warmed on an o i l - b a th  to  th e  r e f lu x  
tem p era tu re  o f 2 ,6-dim e th y l p y r id in e . A deep b lu e  s o l id  
p r e c ip i t a t e d  a f t e r  th e  s o lu t io n  had b o i le d  under r e f lu x  f o r  
5m in .; A fte r  a f u r th e r  5min* th e  m ix tu re  was co o led  and 
w a te r was added to  g ive a s e m i- c r y s ta l l in e  p r e c i p i t a t e  o f
2 , 6 -d im e th y lp y ri dinium 2 , 3 ,4 ,5 - t  e tra p h e n y lc y c lo p e n ta d i e n y li de 
( 0 .8 8 g . , 98?' )^ I which was washed w ell w ith  w a te r.
P e rc h lo r ic  a c id  (0*2m l*, 60^) was added to  a s o lu t io n  
o f th e  y l id e  ( 0 * 4 8 g ., Im .m ole) d is s o lv e d  in  a minimum amount 
o f m ethano l. The s o lu t io n  was warmed g e n t ly . A yellow  
s o l id  se p a ra te d  on c o o lin g  and a d d i t io n  o f e th e r  ( l5 m l . ) .
The s o l id  was f i l t e r e d  and washed w ith  e th e r  to  g iv e  
H-( 2 ,3 ,4 ,5 - te tra p h e iiy l  cy c l open tad i enyl ) - 2 , 6-dim e th y l py rid in ium  
p e rc h lo ra te  ( 0 .3 5 s* , 82J0* A sample was r e c r y s t a l l i s e d  from 
e th an o l to  g ive  p a le  ye llow  n e e d le s , m.p* 277—280°. (Found:
G, 74*3; H., 5*2; N, 2*5* r e q u ir e s  0, 75*0;
H, 5*2; M, 2 .4 ) ,
1 0 8 .
H y d ro ly s is  o f th e  per c h l o r a t e . The p e ro li lo ra te  (0 • 14g • j 
0 , 25m.mole) was suspended, in  w ater (5 m l.)  and e th an o l (2m l*).
A s o lu t io n  o f 2N sodium hydrox ide  (0 ,5 m l.)  was added and th e  
m ix tu re  was l e f t  f o r  1 2 h r, d u rin g  which tim e th e  p a le  yellow  
suspension  became dark  b lue* The s o l id  was f i l t e r e d  and 
washed w ith  d i l u t e  sodium hydrox ide s o lu t io n ,  w a te r , and 
f i n a l l y  a l i t t l e  e th an o l to  g ive dark  b lu e  c r y s t a l s  o f
2 ,6 -dim e th y l p y rid in iu m  2 , 3 , 4 , 5 - t  e tra p h en y l cyc l o p en tad i enyl i  de 
(0 ,0 6 5 g ., SOfo), m .p. 206-208°. (Pounds H, 3 .1 .  H
r e q u ir e s  H, 3 .0 ) ,
(v )
2 ,3 ,4 ,5 -T ® trap h en y ld iazo cy c lo p en tad ien e  ( 0 ,7 8 g . , 2m,moles)
and tr ip h en y la m in e  ( l .5 g * ,  6m.moles) were th o ro u g h ly  mixed
and o x ygen -free  n itro g e n  was p assed  th rough  th e  r e a c t io n
f l a s k .  The m ix tu re  was g e n t ly  warmed on an o i l - b a th  u n t i l
th e  r e a c ta n t s  became a  homogeneous re d  l iq u i d ,  and a t  140° 
n i tro g e n  was ev o lv ed . A f te r  15 min, a t  t h i s  tem p era tu re  th e
s o lu t io n  Was c o o led . Thin la y e r  chrom atography o f a sample
of th e  m ix tu re  in  benzene showed th a t  a  number o f new p ro d u c ts
had  been form ed. When th e  r e a c t io n  m ix tu re , d is s o lv e d  in  a
1 :1  m ix tu re  o f  benzene and l i g h t  pe tro leu m , was a p p l ie d  to
an alum ina column no t r a c t a b l e  m a te r ia l  cou ld  bo i s o l a t e d .
109 ,
( v i )  D iphenylam ine
2 j 3 , 4 | 5^ T e trap h en y ld ia zo cy o lo p o n tad ien e  ( 0 , 78g . , 2m.moles) 
and d iphenylam ine ( 0 *68g . , 4m.moles) were th o ro u g h ly  mixed 
and oxygen—f r e e  n itro g e n  was p assed  th ro u g h  th e  r e a c t io n  
f l a s k .  The m ix tu re  was h e a te d  a s  in  th e  p re v io u s  experim ent, 
u n t i l  th e  e v o lu tio n  o f n i t ro g e n  had ceased  and th e  co lo u r 
o f th e  r e a c t io n  m ix tu re  had  become deep g reen . The m ix tu re  
was coo led  and d is s o lv e d  in  a minimum o f l i g h t  petro leum  
and benzene ( i z l )  and chrom atographed on an alum ina column 
p rep a red  w ith  l i g h t  p e tro leu m . The i n i t i a l  ye llow  band was 
e lu te d  w ith  a Z^jo s o lu t io n  o f  benzene in  l i g h t  petro leum  
and removal o f  th e  so lv e n t l e f t  a b r ig h t  yellow  s o l id .
T h is  was r e c r y s t a l l i s e d  by d is s o lv in g  i t  in  a  minimum of 
l i g h t  pe tro leum  a t  room tem p era tu re  and co o lin g  th e  s o lu t io n  
to  - 70° . R apid  f i l t r a t i o n  gave 1-(N ,N ’ -d ip h en y lam in o )-  
2 , 3 ,4 ,5 - t  e tra p h e n y l cy c l op e n ta d i ene (0 .5 5 s* j 52^0, n b r ig h t  
ye llow  amorphous s o l id ,  m .p. 7^-78°* ( Found: C, 9 0 . I ;
H, 6 .2 . r e q u i r e s  G, 9I . 6 ; H, 5 . 8 ) .
2 , 3 , 4 , 5-T ® trap h en y ld iazo cy c lo p en tad ien e  ( 2 . 34g#, 6m .m oles) 
and tr ip h e n y lp h o sp h in e  ( 2 . 62g . , 10m .m oles) were ground up 
to g e th e r  to  a powder. The m ix tu re  was p la c e d  in  a  r e a c t io n  
f l a s k  and f lu s h e d  w ith  o x ygen -free  n i t ro g e n . I t  was then  
h e a te d  under an  atm osphere o f n itro g e n  f o r  10  m in. on an
1 1 0 .
o i l —b a th  a t  150°* N itro g en  was evo lved  from th e  m ix tu re  and 
th e  r e a c t io n  th e n  p roceeded  v ig o ro u s ly  f o r  a few m inu tes 
u n t i l  th e  m ix tu re  s o l id i f ie d *  E th e r was added to  th e  coo led  
s o l id  and a y e llo w  c r y s t a l l i n e  p r e c i p i t a t e  ap p eared  which 
was f i l t e r e d  and washed w ith  o th e r . The p r e c i p i t a t e  was 
r e c r y s t a l l i s e d  from a m ix tu re  o f n itro m e th an e  and benzene to  
g iv e  b r ig h t  y e llo w  c r y s t a l s  o f t r ip h e n y lphosphonium
2 , 3 , 4 , 5 - te tr a p h e n y l cyc l o p en tad i enyl id e  ( 2 .1 g . , 52?^), m .p. 
2 9 7 - 2 9 9 °. (Found; C, 8 9 . 4 ,* H, 5 .8  . G P r e q u ir e s  
G, 89 .55  H,
P e rc h lo r ic  a c id  (.0#lm l*, 6Q^ o) was added to  a s o lu t io n  o f 
tripheny lphosphonium  2 , 3 , 4 , 5 - te tra p h e n y lc y c l o p e n ta d ie n y lid e  
(0 .3 1 5 g * , 0 ,5m.mole) in  a minimum amount o f e th a n o l. The 
ye llo w  s o lu t io n  im m ediately  became c o lo u r le s s  and on 
a d d i t io n  o f e th e r  (lO m l.) a  p a le , a lm ost c o lo u r le s s ,  c r y s t a l l i n e  
p r e c i p i t a t e  s e p a ra te d . T h is  was f i l t e r e d  and washed w ell w ith  
e th e r  to  g ive  t r ip h e n y l ( 2 , 3 , 4 , 5 - te tr a p h e n y lc y c lo p e n ta d ie n y l) -  
phosphonium p e rc h lo ra te  ( 0 .3 5 g . , 97%). A sample r e c r y s t a l l i s e d  
from m ethanol to  g ive  c o lo u r le s s  p la t e s  had m.p* 2 5 5°(decom p.) .  
(Found: G, 7 6 . 7 ? H, 5 .2 ;  C l, 5 ,1 ,  H^^PGIO^ r e q u ir e s
G, 77 ,15 ; H, 4 . 9 ; Gi, 4 . 85%).
( v i i i )  TdJ2) ] a m ! ia r s i^
A m ix tu re  o f 2 ,3 ,4 ,5 —t  e t r  aphe3%rldi a z ocycl op e n ta d i ene 
(2#34g*, 6m,moles) and t r i  p h en y la r s i  ne (3 * 0 6 g ,, 10m.moles)
I l l ,
was t r e a te d  u n d er th e  same c o n d itio n s  a s  in  th e  p re v io u s  
experim en t. The work-up w ith  e th e r  gave a  d i r t y  yellow  
c r y s t a l l i n e  p r e c i p i t a t e  o f t r ip h e n y larsonium  2 , 3 , 4 , 5^ t e t r a -  
p h e n y lc y c lo p e n ta d ie n y lid e  ( 2 , l g . , 50%). A sample was 
r e c r y s t a l l i s e d  from n itro m e th an e  to  g iv e  sm all y e llo w  n e e d le s , 
m .p. 228-230°(decom p .). (Found: C, 6 2 .? ;  H, 5 . 7 5 .
C^^H^^As r e q u i r e s  G, 8 3 . 6 ; H, 5^2%).
P e rc h lo r ic  a c id  (O .lm l.)  was added to  a  s o lu t io n  o f 
tr ip h e n y la rso n iu m  2 , 3 , 4 , 5—te tra p h e n y lc y c lo p e n ta d ie n y lid e  
(0#34g#, 0 .5m.mole) in  e th an o l (5m l,)#  A p a le  y e llo w  p r e c i p i t a t e  
im m ediately  ap p eared  and p r e c ip i t a t io n  was com pleted by th e  
a d d i t io n  o f  o th e r  (lO m l*), The s o l id  was f i l t e r e d  and 
r e c r y s t a l l i s e d  from e th an o l to  g ive p a le  yellow  c r y s t a l s  o f 
tr ip h o n y l ( 2 , 3 , 4 , 5“ t  e tra p h e n y l cyc l o p en tad i enyl ) arsonium  
p e rc h lo ra te  ( 0 #4 1 g . , 81% ), m .p. 216- 21 8°( do comp.) ,
( Found: 0, 72*3? H, 4*7« G^^H^^AsClO^ r e q u i r e s  G, 7 2 .8 ;
H; 4 . 65%).
(i%)
A m ix tu re  o f  2 ,3 ,4 ,5 - te tra p h e n y ld ia z o c y c la p e n ta d ie n e  
(2 .3 4 g « , 6m .m oles) and t r ip h o n y ls t ib in e  (3*53g#, 10m!.moles) 
was t r e a te d  u nder th e  same c o n d itio n s  a s  in  th e  case  of 
tr ip h e n y lp h o sp h in e . When th e  r e a c t io n  m ix tu re  was coo led  
and e th e r  ( l 5m l.)  was added lu s t r o u s  c r y s t a l s  s e p a ra te d  out 
o f th e  s o lu t io n .  These were f i l t e r e d  and washed w ith  e th e r
1 1 2 .
t o  g iv e  y e l l o w - g r e e n  c r y s t a l s  o f  t r i p h e n y l s t f b o n i u m .  2 , 3 , 4 , 5— 
t e  t r a p h e n y l  c y c l  o p e n ta d i  e n y l  i  de  ( 2 .  4 g# , 55% ), m .p . 196 - 1 9 8 °# 
A t te m p ts  t o  r e  c r y s t a l l i s e  t h i s  compound f a i l e d  due t o  r a p i d  
h y d r o l y s i s  from  m o i s tu r e  i n  t h e  s o l v e n t  a n d  i n  t h e  a tm o sp h e re  
when i n  s o l u t i o n .  A sam ple  f o r  a n a l y s i s  was p r e p a r e d  by  
f o l l o w i n g  t h e  above  p r o c e d u r e ,  u s i n g  d u s t - f r e e  c o n d i t i o n s ,  
a n d  w a sh in g  w e l l  w i t h  e t h e r .  (P ound : G, 77*8; H, 4*9*
G^^H^^Sb r e q u i r e s  C, 7 8 ,2 ;  H, 4*9%)=
P e r c h l o r i c  a c i d  ( O . l m l . ,  60^c) was ad d ed  t o  a  s u s p e n s io n  
o f  t r i p h e n y l  s t ib o n iu m  2 , 3 , 4 , 5“ t e t r a p h e n y l  c y c l  op e n t a d i  e n y l  i d e  
( 0 . 36g . ,  0*5m ,m ole) i n  e t h a n o l  ( i m l . ) .  The m ix tu r e  became 
b r i g h t  y e l lo w  a n d  s o l i d i f i e d .  E th e r  ( lO rn l . )  was a d d e d  and  
t h e  y e l lo w  s o l i d  was f i l t e r e d  and  w ash ed  w i th  e t h e r  t o  g iv e  
t r i p h e n y l ( 2 , 3 , 4 , 5^ t e t r a p h e n y l c y c l o p e n t a d i  e n y l ) s t i b  onium 
p e r c h l o r a t e  (0 .3 .8 g * , 92%), A sam ple was r e c r y s t a l l i s e d  
r a p i d l y  from  e t h a n o l  t o  g i v e  b r i g h t  y e l lo w —o ran g e  p l a t e s ,  
m.p* 1 9 5 -1 9 6 ° (d e c o m p .)*  ( Pound: G, 6 7 . 7 ; H, 4 *7 ; G l , 4*7-
G^^H^^SbGlO^ r e q u i r e s  C, 6 8 .8 ;  H, 4 . 6 5 ; G l, 4*4% ). I t  
s h o u ld  be  n o t e d  t h a t  r e c r y s t a l l i s a t i o n  o f  t h e  p e r c h l o r a t e  
was done r a p i d l y  t o  a v o id  h y d r o l y s i s  o f  t h e  s a l t  w h ich  
o c c u r r e d  i f  i t  was l e f t  i n  e t h a n o l i c  s o l u t i o n  f o r  more t h a n  
a b o u t  10 m i n . .
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(%) Trlpnenyipisin
2 , 3 , 4 , 5-T e tra p h e n y ld ia z o c y c lo p e n ta d ie n e  (2 .3 4 g * , 6m .m oles) 
and tr ip h e n y lb ism u th  ( 4 , 4 g , , 10m ,m oles) were th o ro u g h ly  
m ixed and h e a te d  g e n tly  on an o i l - b a th  u nder an atm osphere 
o f n i tro g e n . At 140° n i t r o g e n  was evo lved  from th e  r e a c t io n  
m ix tu re  whoso co lo u r changed from r e d  to  deep b lu e  «
A f te r  10 m in, a t  t h i s  tem p era tu re  th e  m ix tu re  s o l i d i f i e d  to  
a b lu e  mass and on c o o lin g  and a d d i t io n  o f e th e r  ( l 5m l.)  a  
deep b lu e —p u rp le  co lo u red  s o lu t io n  r e s u l t e d .  To t h i s  was 
added l i g h t  pe tro leum  (iQ m l.)  which gave a b lu e  p r e c i p i t a t e .
T h is  was f i l t e r e d  to  g ive  tripheny lb ism uthon ium  2 ,3 ,4 ,5 -  
te tra p h e n y lc y c lo p e n ta d ie n y lid e  ( 3 *4 g ) , con tam inated  w ith  
tr ip h e n y lb ism u th  a s  sliown by th in  la y e r  chrom atography. The 
crude b lu e  amorphous s o l id  m elted  w ith  decom position  > 1 6 5 ° ,  
A ttem pts to  chrom atograph o r r e c r y s t a l l i s e  th e  s o l id  f a i l e d  
owing to  i t s  decom position  in  s o lu t io n .
( x i )  D iphenylsul.pM de
2 , 3 , 4 , 5“T e trap h e n y ld ia zo c y c lo p e n ta d ie n e  ( 3 . 96g*, 10m ,m oles) 
was d is s o lv e d  in  d iphenyl su lp h id e  ( 5 «5 8 g*, 30m.m oles) a t  1 0 0 ° , 
Oxygen—f re e  n i t ro g e n  was p assed  th rough  th e  s o lu t io n  fo r  5 
m in, b e fo re  th e  tem p era tu re  was r a i s e d  to  150°. The s o lu t io n , 
s t i l l ,  under an atm osphere o f  n i tro g e n , was k ep t a t  t h i s  
tem p era tu re  on an o i l - b a th  f o r  10 m in. u n t i l  th e  e v o lu tio n  
o f n itro g e n  from th e  r e a c t io n  had ceased . The I*R. spectrum
114#
o f a  sample removed from th e  s o lu t io n  showed th e  absence o f 
any a b s o rp tio n  due to  a d iazo  group. E th e r  ( l5 m l.)  was 
added to  th e  co o led  s o lu t io n  and th e  p a le  yellow  c r y s ta l s  
which s e p a ra te d  were f i l t e r e d  and washed w ith  e th e r  to  g ive 
d ipheny l su lph  onium 2 ,3 ,4 ,5  • 'te tra p h e n y l cy c l open tad i enyl id e  
(4#5g*, 8C%). A sample was r e c r y s t a l l i s e d  from a m ix ture  
o f  benzene and l i g h t  pe tro leu m  a s  p a le  yellow  p rism s , 
m*p# 218°(decomp*) ,  in s o lu b le  in  p e r c h lo r ic  acid# (Pound:
C, 88*3; H, 5*5» ^41^ 30 ^ r e q u ir e s  0 ,88*8; H, 5#4%)*
( x i i )  M e th y ln h e n v l su l ph i do
F ollow ing  th e  p ro ced u re  d e sc r ib e d  in  th e  p re v io u s  
experim ent 2 , 3 , 4 , 5 r* te trap h en y ld iazo cy c lo p en tad ien e  ( 3 *96g#f 
10m.moles) was decomposed in  m ethy lpheny lsu lph ido  ( 3 . 7 2 g ., 
30m .m oles). The work—up w ith ,o th e r  gave v e ry  p a le  yellow  
c r y s ta l  s o f  m e th y l  phenyl su l ph onium 2 ,3 ,4 ,5  "~t e tra p h e n y l c y c lo -  
p e n ta d ie n y lid e  (3*2g*, 65% ). R e c r y s ta l l i s e d  from a m ix tu re  
o f  l ig h t :  pe tro leu m  and benzene i t  had m.p* 204-206°( decomp. ) . 
(Found; G, 8 7 . 9 ; H, 5*1, ^36^ 28^ r e q u i r e s  G, 8 7 *8 ;
H, 5 . 7%).
P e rc h lo r ic  a c id  (0 * lm l.,  70%) was added to  a  s o lu t io n  o f 
m ethylphenylsulphonium  2 , 3 , 4 , 5 - te tra p h e n y lc y c lo p e n ta d i en y lid e  
(0 ,4 9 g # , Im .m ole) in  e th a n o l ( 10ml*) t© g ive  an im m ediate 
b r ig h t  yellow  p r e c i p i t a t e .  E th e r  (lO m l.) was added and th e  
y e llo w  s a l t  f i l t e r e d ,  washed w ith  e th a n o l and r e c r y s t a l l i s e d
from g la c ia l  a c e t i c  a c id ,  w ith  e th e r  added to  i n i t i a t e  
c r y s t a l l i s a t i o n ,  to  g ive  m ethy lphenyl( 2 , 3 , 4 , 5 - te t r a p h e n y l-  
cy c lo p en tad ien y l)su lp h o n iu m  p e rc h lo ra te  (0*53g«, 90%), as  
b r ig h t  yellow  n e e d le s , m .p. 155°( decomp. ) . (Founds C, 72.&;
H, 4.95* r e q u i r e s  0, 73*0; E, 4*9%) #
( x i i i )  D ip h en y lse le n id e
F ollow ing  th e  p ro ced u re  adop ted  in  th e  p re v io u s  two 
experim en ts 2 ,3 ,4 ,  ^ - te tra p h e n y ld ia z o c y c l o pen tad i ene (3-96.B*., 
lOrn.moles) was decomposed in  d iphenyl s e l en ide (6*99g», 30m .m oles). 
The work-up w ith  e th e r  produced  b r ig h t  yellow  c r y s t a l s  w hich 
were f i l t e r e d  and washed w ith  e th e r  to  g ive  d ip h en y l— 
selenonium  2 ,3 ,4 ,5 - 1 e tra p h  e n y lc y c lo p e n ta d ie n y lid e  ( 5 • 7g* ?
9CÇb)* T his was r e c r y s t a l l i s e d  from cyolohexane to  g ive 
b r ig h t  yellow  c r y s t a l s ,  m .p. 188-190°(decomp*) ,  in s o lu b le  in  
p e r c h lo r ic  a c id .  (Found: G, 82*4; H, 5*1# G^^H^^Se
r e q u i r e s  G, 8 1 ,9 ; 5*0%)
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4 . REACTION OF DIAZOCYCLOPMTADIMES WITH. PH08PHINE8
( i )  2i3.4-T3?-iph.en.Y ldiazooyolopentadiene and TrâphenylpliospM ne 
In  a m e lt . -  2 ,3 ,4 -T r i  phenyl d ia zo cy c lo p en tad ien e ' ( 0.64g# # 
2m.mol.es) and tr ip h e n y lp h o sp h in e  ( 0 .7 8 6 g ,, 3m.mol.es) were 
ground up w e ll to g e th e r  and h e a te d  on an o i l —h a th  u n d er an 
atm osphere of. n i t r o g e n .  The s o lu t io n  heoame deep r e d  a t  
120° and on f u r th e r  h e a t in g  ( l8 0 ° )  there- was a  r a p id  evolutiion:- 
o f n i tro g e n  from th e  r e a c t io n  m ix tu re . Thin la y e r  
chrom atography in d ic a te d  th e  fo rm a tio n  o f a  number o f 
decom position  p ro d u c ts  b u t  none o f th e s e  cou ld  be i s o l a t e d  
u s in g  column chrom atography.
The experim en t was re p e a te d  b u t i n  t h i s  case  th e  
tem p era tu re  o f  th e  o i l - b a th  was n o t a llo w ed  to  exceed 140°. 
A f te r  10 m in, a t  t h i s  te m p era tu re  th e  s o lu t io n  was coo led  
and a m ix tu re  o f e th e r  (5m l, ) and l i g h t  petro leum  ( 1 5ml) was 
added. The orange p r e c i p i t a t e  which se p a ra te d  was f i l t e r e d  
and r e c r y s t a l l i s e d  from ch lo ro fo rm , w ith  e th e r  added to  
i n i t i a t e  c r y s t a l l i s a t i o n ,  to  g ive 2 ,3 ,4 - tr ip h e n y lc y c lo p e n ta ­
d i enyl i  dene tr ip h e n y lp h o sp h a z in e  ( l .O g , , 'JOfo) a s  orange 
n e e d le s , m .p, 1 6 5 ° . (Found: C, 8 4 , 2 ; H, 5*0*
r e q u i r e s  G, 84#5? S , 5#3%)*
In  a s o lv e n t • -  2 ,3 ,4 —T ri ph enyl .di a z o cyc l o p en tad i ene
( 0 ,6 4 g , , 2m,moles) was d is s o lv e d  in  l i g h t  petro leum  ( l5 m l, ) 
and benzene (5 m l.)*  T ripheny lphosph ine  (0*524g#, 2m ,m oles,)
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Was added and th e  m ix tu re  was warmed a t  40° f o r  5 min# and 
th e n  l e f t  a t  room te m p era tu re  f o r  2 h r .*  The orange 
p r e c i p i t a t e  was f i l t e r e d  o f f  to  g ive 2 ,3 ,4 - tr ip h e n y lo y o lo -  
p e n ta d ie n y lid e n e  phosphazine ( l . 0 2 g . , 90%). A sample was 
r e c r y s t a l l i s e d  from ch lo ro fo rm , w ith  e th e r  added to  i n i t i a t e  
c r y s t a l l i s a t i o n ,  a s  orange n e e d le s , nup* 165°.
P e rc h lo r ic  a c id  ( 0 .2m l# , 60%) was added to  a suspension  
o f th e  phosphazine (0 .5 8 g « , 0,5m .m ole) in  a c e t o n i t r i l e  ( lO m l,) .  
The s o lu t io n  became c lea r, and e th e r  (lOml#) was added. P a le  
r e d  c r y s ta l s  s e p a ra te d  ou t o f  th e  s o lu t io n  and th e s e  were 
f i l t e r e d  and washed w ith  e th e r  to  g iv e  2 ,3 ,4 - t r ip h e n y lo y c lo -  
p e n ta d ie n y lid e n e  tripheny lphosphazon ium  p e rc h lo ra te  (0*55g*, 
80%). A sample was r e c r y s t a l l i s e d  from m ethanol a s  r e d  
p rism s, m.p# 222-225 °( de comp# ) * (Found: 0, 71*6 ? Ï1, 4*6;
N, 4*2, g010^P r e q u i r e s  0, 71*8; H, 4*7? 3'T, 4 .1 % ).
( i i )  5 rG h lo ro -2 , 3 . 4 - tr ip h e n y ld ia z o o y o lo p e n ta d ie n e  a n d .
I n  a  m e l t . -  A m ix tu r e  o f  5“ Cbl o r  o - 2 , 3 , 4 - t r i p h e n y l  d i  a z o -  
oy c l  o p ,en tad i en G (0#355ê'* j Im .m o le ) a n d  t r i  p h e n y l pho s p h in e  
( 0 , 524g*; 2m ,m o les) w as h e a te d  on an  o i l - b a t h  a t  1 3 0 °  u n t i l  
th e  s o l u t io n  becam e d a rk  r o d .  A f t e r  5 min# th e  s o l u t i o n  was 
c o o le d  an d  o th a n o l  ( 5 m l .)  a n d  p e r c h l o r i c  a c i d  ( O . lm l . ,  6.0%) 
w ere  a d d e d . E th e r  ( l 5 m l . )  w as th e n  a d d e d  to  th e  r e s u l t a n t
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orange s o lu t io n  and tlie  r e d  c r y s ta l s  which s e p a ra te d  were 
f i l t e r e d  and washed w ith  e th e r  to  g ive  5—o b io ro -2 , 3 , 4 - t r i — 
phenyl cyc l o p en tad i enyl i  done tr ip h e n y l pho sphazonium pero lil o r a te  
(0*39g*j 53%)• A sample was r e c r y s t a l l i s e d  from m ethanol, 
w i th  e th e r  added to  i n i t i a t e  c r y s t a l l i s a t i o n ,  a s  g ra n u la r  
orange p rism s, m .p. 243-245°(decom p.) .  (Found: G, 7 1 ,8 ;
H-, 4.7.Î 4*1# G^^H^^OIO^P r e q u ir e s  0, 7 2 ,0 ; H., 4#3?
N, 4.1% ),
In  a s o lv e n t , -  A s o lu t io n  o f 5 ^ 'o b lo ro -2 ,3 ,4 - t r i  pheny l—
d ia zo cy c lo p e n ta d ie n e  (0 ,3 5 5 g , , Im .m ole) and t r ip h e n y l r  
phosphine (0 ,2 6 2 g ., Im .m ole) in  a c e t o n i t r i l e  (20m l,) was 
b o i le d  f o r  2 h r . .  On e v a p o ra tio n  o f th e  so lv e n t and 
chrom atography o f th e  r e s id u e  on a column o f alum ina 5 -® blo ro - 
2 ,3 } 4 - tr ip h e n y ld ia z o c y c lo p e n ta d ie n e  was reco v e re d  unchanged.
T riphonylpho sph ine
In  a m e lt , -  A m ix tu re  o f 5-brom o-2, 3 , 4 - t r ip h e n y ld ia z o -  
oy c l  op e n ta d i ene (0 ,399g* , Im .m ole) and t r i  phenyl pho spiiine 
(0 ,5 2 4 g * , 2m.moles) was h e a te d  on an o i l - b a th  a t  130° and 
th e  s o lu t io n  became dark  r e d .  A fte r  5 min. th e  s o lu t io n  was 
co o led  and d is s o lv e d  in  a sm all amount o f  benzene and 
chrom atographed on an alum ina column p re p a re d  w ith  l i g h t  
p e tro leu m . The f i r s t  band  (yellow ) e lu te d  w ith  benzene and
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l i g h t  p e tro le u m  ^ l : l )  gave  u n r o a o te d  5 -b rom o^^3 , 4 - t r i p h e n y l -  
d i  a  zoioy Glop e n t a d i  ene  (,0^15;g, ) ,  A s e c o n d h a n d  (o ra n g e )  was 
e l u t e d  w ith  a  ( l : l )  m ix tu r e  o f  b e n ze n e  an d  c h lo ro fo rm , to  
g iv e  a  r e d  s o l u t i o n .  E v a p o r a t io n  o f  th e  s o lv e n t  gave  an  
o i l y  r e s i d u e  w h ich  c o u ld  n o t  be  r e c r y s t a l l i s e d *  A d d i t io n  
o f  p e r c h l o r i c  a c i d  t o  an  e th a n o l ic .  s o l u t i o n  o f  th e  r e s id u e  
d id  n o t  a f f o r d  a n  i s o l a b l e  s a l t*
In  a s o lv e n t*-  5-hromo.-2, 3 , 4 - tr ip h e n y ld ia z o c y c lo p e n ta — 
d ien e  (0*399&*, Im .m ole) was reco v e re d  unchanged a f t e r  h e a tin g  
i t  to  r e f lu x  w ith  a c e t o n i t r i l e  (20ml*) and tr ip h en y lp h o sp h in e  
(0 * 2 6 2 g ., Im .m ole) f o r  3 h r .  ♦
( i v )  2«3 .4 . S-TetraphenyldiagiocyclQ-pentadiene and T r i-n -b u tv l-  
phosphine
~ 2 ,3 ,4 ,5  e t r a p h e n y l  d ia z o c y c lo p e n ta d ie n e
(0 * 3 9 6 g « , Im .m o le ) a n d  t r i - n - b u t y l  pho s p h in e  ( 0 * 4 g . ,  2m.m o les) 
w ere  warmed t o g e t h e r  on an  o i l - b a t h  u n d e r  an  a tm o sp h e re  o f  
n i t r o g e n .  The c o lo u r  o f  th e  s o l u t io n  becam e deep r e d  (lG O °) 
c h a r a c t e r i s t i c  o f  th e  f o r m a t io n  o f  a  p h o sp h a z in e #  When 
th e  te m p e r a tu re  w as r a i s e d  t o  1%0° t h e r e  was a r a p i d  e v o lu t io n ,  
o f  n i t r o g e n  a s  a  v ig o r o u s  r e a c t i o n  e n s u e d . No i d e n t i f i a b l e  
s u b s ta n c e s  w ere  i s o l a t e d  from  th e  d e c o m p o s itio n  r e a c t i o n .
Ijk .a__aolvent. -  T ri-n -b u ty lp h o  sph ine ( 0 . 202g* , 1 m. m ole) 
was added to  a s o lu t io n  o f 2 ,3 ,4 ,5 - tP tra p h e n y ld ia z o c y o lo -  
p e n ta d ie n e (0 * 3 9 6 g ., Im .m ole) in  l i g h t  petro leum  (l5 m l* ) and
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and e th e r  ( 5m l.)  and th e  m ix tu re  was l e f t  f o r  3 h r .  a t  room, 
te m p e ra tu re . The orange p r e c i p i t a t e  which form ed was c o l le c te d  
and r e c r y s t a l l i s a t i o n  from n itro m eth an e  gave 2 , 3 , 4 , 5~ te t r a ­
phenyl cycl o p e n ta d i enone hydrazono ( 0 . 24g#, 6C%) a s  s c a r l e t  
n e e d le s , m .p, 240-242°(deeorap .)* (Found:. C, 8 7 .1 ; H, 5*6;
N, 7 .35#  ^ 2 9 ^ 2 2 ^ 2  G, 87*3 ; H, 5*3; N, 7 . 0% ).
(A lthough d ry  s o lv e n ts  were u sed  no p re c a u tio n s  were taken  
a g a in s t  th e  re a d y  h y d ro ly s is  o f  th e  in to rm e d ia te  phosphazine 
by m o is tu re  from th e  a tm o sp h ere).
In  th e  p r e s ence o f p -n itro b e n z a ld e h y d e .-  A s o lu t io n  
o f  2 ,3 ,4 ,5 - t e t ra p h en y ld iaz o cy c lo p en ta d ien e  ( 0 . 396g , , Im .m ole), 
tr i -n -b u ty lp h o s p h in e  ( 0 .2 0 2 g . , Im .m ole), and ^ -n i t ro b e n z -  
aldehyde (0 .1 5 1 g * ; Im.mole). i n  dry r e d i s t i l l e d  benzene ( l5 m l.)  
was h e a te d  to  r e f lu x  f o r  4 h r . ,  d u r in g  which tim e th e  co lo u r 
o f  th e  so lu tioE i darkened . The s o lu t io n , a f t e r  th e  volume 
had been red u ce d  (oa»5P^> ) ,  was a p p l ie d  to  an alum ina 
column p re p a re d  w ith  l i g h t  petro leum  and benzene ( l : l ) , The 
f i r s t  yellow  band  e lu te d  w ith  a  ( l : l )  m ix tu re  o f  l i g h t  
petro leum  and benzene gave tu irea c te d  d iazp  compound ( 0 . 06g. )• 
The second band (b row n-red) e lu te d  w ith  benzene gave, on 
e v a p o ra tio n  o f th e  so lv e n t and t r i t u r a t i o n  w ith  n itro m e th an e , 
p ~ n itro b en za ld eh y d e  2 , 3 , 4 , 5- te tra p h e n y lc y c lo p e n ta d ie n o n e  
hydrazone ( o ,3 0 g . , 55%)# A sample was r e c r y s t a l l i s e d  from 
n itro m e th an e  a s  deep maroon n e e d le s , m .p. 245- 246° . (Found:
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G, 8 1 *3 ? H, 4*7? 8 .0 .  ^36^ 25^ 3^2  r e q u ir e s  G, 8I . 4 ?
H, 4*7? N, 7*9?0* a t h i r d  band ( r e d ) ,  e lu te d  w ith  oh loreform  
gave 2 ,3 ;4 ,5M tG trapheny lcyG iopen tad ienone hydrazone (,0 .12g*).
P re p a ra t io n  o f p-n itro b e n z a ld e h y d e  2 ,3 .4 ,5»-to traphenyl— 
cy c lo p en tad i enone h y d razone. -  A s o lu t io n  o f 2 ,3 ,4 ,5 ^ 4 e t r a — 
ph en y lcy c lo p en tad ien o n e  hydrazone (0 .2 8 g * , Im .m ole) and 
£ -n itro b en za ld eh jrd e  ( O .l^ lg .  , Im .mole) in  ohloroform  was 
h e a te d  to  r e f lu x  f o r  3 h r .*  The so lv e n t was removed to  
le a v e  a r e d  re s id u e  which gave a  dark  p r e c i p i t a t e  when 
t r i t u r a t e d  w ith i warm benzene (5 m l.) .  The p r e c i p i t a t i o n  was 
com pleted by a d d i t io n  o f  m ethanol (5 m l.)  and th e  s o l id  was 
f i l t e r e d  and washed w ith  a  l i t t l e  c o ld  m ethano l. The s o l id  
was r e c r y s t a l l i s e d  from n itro m eth an e  to  g ive ^-i^^ttrobenzaldehyde 
2 ,3 ,4 ,5 - te tra p h e n y lc y c lo p e n ta d ie n o n e  hydrazone (0 .3 7 g .,  85%), 
m.p# 246° .
Qxi d a t i  on o f 2 , 3 ,4 .5#*t e trap h en y l cy c l open tad i enone 
hydrazone. -  2 , 3 ,4 ,5“T e trap h en y lcy c lo p en tad ien o n e  hydrazone 
( 0 . 28g . ,  Im .m ole), yo llow  m ercu ric  oxide ( 0 .3 g . ) ,  and anhydrous 
sodium su lp h a te  (O .lg . ) were ground up w e ll to g e th e r  and 
p la c e d  in  a s to p p e re d  tu b e . Dry e th e r  (lO m l.) was added 
fo llo w ed  by a c o n c e n tra te d  s o lu t io n  of. a lc a h o l io  po tassium  
hydrojcide ( O .lm l.)  and th e  m ix tu re  wo,s shalcen w e ll f o r  5 m in .. 
The e th e re a l  s o lu t io n  (o ran g e ) was f i l t e r e d  and th e  re s id u e  
Washed w ith  e th e r .  The so lv e n t was removed from th e  combined
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s o lu t io n  and w ashings to  g iv e  an orange nSisidue which, on 
t r i t u r a t i o n  w ith  e th a n o l gave 2 , 3 , 4 , 5 '^ te trap h en y ld iazo cy o lo .— 
p o n tad ien e  ( 0 . 25g«, 90%), m .p, 1 4 8 °(docomp»)•
( v ) 8—Te tr a o h lo ro  d i a z o cy c lop e n ta d i ene and T rip h o n y l-
phosphine
In  a m e lt . -  2 ,3 ,4 ,5  r-To t r a o h l  o r o d i azocycl o p en tad i ene
( 0 *85:g*, 5.m*moles) and tr ip h e n y lp h o sp h in e  ( 2 , l g . , 8m.moles) 
were ground up w e ll to g e th e r  and h e a te d  g e n tly  a t  90 ° on a 
w a te r-h a th . At t h i s  tem p era tu re  th e  co lo u r  o f  th e  m ix tu re  
changed from r e d  to  deep s c a r le t '.  (Above t h i s  tem p era tu re  a 
v io le n t  r e a c t io n  ensued w ith  th e  e v o lu tio n  o f n i tro g e n , 
r e s u l t i n g  in  th e  fo rm a tio n  o f a b la c k  t a r ) .  A f te r  3  min* th e  
m ix tu re  was co o led  and d is s o lv e d  in  a  minimum amount of 
benzene and a p p l ie d  to  an alum ina column p rep a re d  w ith  l i g h t  
p e tro leu m . The f i r s t  c o lo u r le s s  band e lu te d  w ith  a m ix tu re  
o f equal volum es o f benzene and l i g h t  petro leum  gave u n re a o te d  
t r i  phenyl pho sp h in e . The second band ( re d )  e lu te d  "with benzene 
gave a r e d  s o l id  which was r e c r y s t a l l i s e d  from cyolohexane 
to  g ive  2 , 3 , 4 , 5- to tr a c h lo ro c y c lo p e n ta d ie n y lid e n e  t r ip h e n y l­
phosphazine a s  r e d  p rism s , m .p. 130- 1 3 2 °(deoom p.) ( l i t ^ ^ . l 3 2 ° ) .  
(Found: G, 5 6 ,3 ; H, 3 .2 ;  N, 5 .8 ; 01, 2 8 . 4 . G^^H^^N^Gl^P
r e q u ir e s  G, 5 7 .0 ;  H, 3 .1 ;  N, 5.7? 01, 28.9% ).
In  a s o lv e n t . -  2 , 3 , 4 , 5 -T o tra c h lo ro d iaz o cy c lo p en tad ie n e  
(Q .85g . ,  5m^moles) was d is s o lv e d  in  l i g h t  petro leum  ( l 5m l.)
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and to  t h i s  was added tr ip h o n y l pho sph ine ( l ,3 1 g # , 5m ,m oles). 
The s o lu t io n  was l e f t  f o r  3 I ir , a t  room tem p era tu re  and th en  
thP dark  re d  p r e c i p i t a t e  which se p a ra te d  was f i l t e r e d  to. 
g ive  2 ,3 ,4 } 3 - t  e t r a o h l  o r  o c y c lo p e n ta d ie n y li dene t r ip h e n y l­
phosphazine ( 1 , 9 6 g#, 91%), and was r e c r y s t a l l i s e d  from 
cyolohexane a s  r e d  n e e d le s , nup# 131°( deoomp,)•
The phosphazine (0 # 4 3 2 g ,, Im .m ole) was k e p t exposed t o  
th e  atm osphere f o r  24 hr* d u rin g  which tim e i t  l o s t  i t s  
c r y s t a l l i n e  ap p earan ce  and became stick y #  The s o l id  was 
r e c r y s t a l l i s e d  from a  m ix tu re  o f pe tro leum  and m ethylene 
c h lo r id e  to  g iv e  2 ,3 ,4 ,5 ‘^ tG trao h lo ro ay c lo p en tad ien o n e  
hydrazone ( O . l lg # , 65%) a s  s c a r le t  n e e d le s , nup* 174-176°
( l i t  9 , 1 7 6 ° ) .  (Found: 0, 2 6 .7 ; H, 1 .7 ;  N, 1 2 .1 ; Gl, 59 . Q.
C^HgNgCl^ r e q u i r e s  C, 25*9.1 H, 0#9; N, 12*1; C l, 61*2%) #
The so lv e n t was removed from; th e  mo t i l e r - l iq u o r  o f  th e  
r e  c r y s t a l l i s a t i o n  to  le a v e  a r e d  co lo u red  res id u e*  T h is was 
b o i le d  up with., w a te r which was decan ted  from th e  in s o lu b le  
m a te ria l, and c o lo u r le s s  c r y s t a l s  s e p a ra te d  out o f  th e  aqueous 
so lu tio n *  Those were f i l t e r e d  and d r ie d  to  g ive  t r ip h e n y l­
phosphine ox ide (0*12g«, 45%) a s  c o lo u r le s s  p l a t e s ,  nup# 1 5 0 ° ,
tri.phenyl.phosp h az in e* -  H ea tin g  th e  phosphazine above 130° 
a t  a tm o sp h eric  p re s s u re  r e s u l t e d  in  a v ig o ro u s  e v o lu tio n  o f 
n i tro g e n  and no t r a c ta b le  m a te r ia l  co u ld  be i s o l a t e d  from 
th e  t a r r y  decom position  p roducts*
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The phosphazine (0.#432g*, Im .m ole) was p la c e d  in  a 
g la s s  tube  and h e a te d  to  110° under vacuum (O.O^mm.), Under 
th e s e  c o n d itio n s  th e  compound evolved n itro g e n  g e n tly  and 
became a b la c k  m ass. I n i t i a l l y  a sm all r e d  band sublim ed 
up th e  tube and a f t e r  30 min* a l a r g e r  y e llow -o range  band 
appeared  which was fo llo w ed  by a sm all amount, o f a w hite  
substance* The r e d  band (0 * 0 2 g .) , m.p* 128°(decomp*) was 
undecomposed p h o sp h az in e . The yellow  band (0*06g, 35%) 
m*p* 106r-108°(deoomp.) was 2 ,3 ,4 ,5 - te t r a c h lo r o d ia z o c y c lc — 
p en tad io n e  and th e  w hite  su b stan ce  (0 * 0 l8 g .) ,  m*p* 148° 
appeared  to  be triphcny ljphosph ine  oxide*
5* QgMH REACTIONS OF DIAZOGYCLQPBNTiDIMEB
( i )  2 .3 .4 .5.’-"T etraoh lorod iazoc.yo lopen tad iene and Copper Powder 
Gopper powder (0*4g#) was added to  a  s o lu t io n  of 
2 ,3 ;4 ,5 - te tra c h lo ro d ia z o c y c lo p e n ta d ie n o  (0 .864g* , 2m.moles) 
i n  e th an o l (3 0 m l.) and th e  m ix tu re  was h e a te d  to  r e f lu x  f o r  
2 hr** The dark  co lo u red  s o lu t io n  was f i l t e r e d  and th e  
s o lv e n t removed from- th e  f i l t r a t e  to  g ive  a dark  red -b ro tm  
r e s id u e .  T h is  was r e c r y s t a l l i s e d  from a m ix tu re  o f  benzene 
and n itro m e th an e  to  g ive  2 ,3 ,4 ,5 - t  e t ra e h lo ro c y c l op e n ta d i enone 
a z in e  (0 * 5 4 g ., 65%) a s  maroon n e e d le s , m*p* 180°. ( Found:
G, 2 8 ,2 ; H, 0 .0 ;  N, 7*4; 01, 64*0 . O N  Gig r e q u i r e s
G, 2 7 , 8 ; H, 0*0; N, 6*3; Gl, 65*7%)#
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( i i )  A ttem pted r é a c t io n  o f  2.3.4.5r~Tet3?.aphenyldi0.zoeyQlo-  
p o n tad ien e  M th  D ioh lo rocarbone
Chloroform  (o*3ml*) was added dropw ise to. a  s t i r r e d  
m ix tu re  o f  po tassium  t-b u to x id e  (0 ,3 g * ) and 2 ,3 ,4 ,5 - t e t r a ­
phenyl d iazooyo l o p en tad i one (0#32g$, Im .m ole) in  dry  benzene 
(lO m l*). S t i r r i n g  was co n tin u ed  f o r  18 hr# w ith  th e  a d d i t io n  
o f  more po tassium  t-b u to x id e  ( 0 .3 g . ) a f t e r  6 h r* . The s o lu t io n  
was quenched w ith  w ate r ( 50ml*) and e x t r a c te d  iv ith  benzene.
The benzene e x t r a c t  was washed w ell w ith  w a te r, d r ie d  
(Na^SO^), and ev ap o ra ted  to  g ive unchanged d iazo  compound 
in  q u a n t i ta t iv e  y ie ld .
( i i i )  2 ,3 .4 » 5 ^ T e trap h en y ld iazo cy c lo p en tad ien e  and H itro so -  
benzene
A m ix tu re  o f  2 ,3 ,4 ? 5 - te tra p h e n y ld ia z o c y c lo p e n ta d ie n e  
(0«79g#j 2m.moles) and n itro so b c n z en e  (0«214g«, 2m.moles) 
i n  ch loroform  (20m l.) was h e a te d  to  r e f lu x  fo r  18 h r ,  du rin g  
which tim e ( a f t e r  6 l i r . )  a f u r th e r  q u a n t i ty  o f  n itro so b en zo n e  
(0*107goj Im .m ole) was added* Chromatography o f th e  re s id u e  
in  benzene on an alum ina column p re p a re d  w ith  l i g h t  
petro leum  gave f i r s t  o f a l l  a yellow  band, eluted- w ith  a ( l : l )  
m ix tu re  o f l i g h t  petro leum  and benzene. T h is gave unchanged 
d iazo  compound (0*31g .)*  Benzene e lu te d  a t r a c e  o f  2 ,3 ,4 ,5 -  
te tra p h e n y lc y c lo p e n ta d ie n o n e  fo llow ed  by a sm all amount o f 
u n re a c te d  n itro so b e n z e n e . E lu tio n  w ith  ch loroform  gave a
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green  band wh ich on rem oval o f th e  so lv e n t and a d d i t io n  o f 
e th an o l (lO rn l.) gave a khalci—green p r e c i p i t a t e  o f  N-phenyl 
2 f3 ;4 ,5 -fe tra p h en y lc y c lo p e n tad io n o n G  ketoxim e (0*19g*, 22%)#
A sample was r e c r y s t a l l i s e d  from n -p ro p a n o l a s  k h ak i—green 
n e e d le s , m*p, 224-226°, (Found: 0, 8 8 ,2 ; H, 5*1; N, 2,9*
^35% 5^^ 3?e q u ires  C, 8 8 ,4 ; H, 5 ,2 5 ; N, 2,9% ),
( i v )  2»3 . 4 - T r ip h e n y ld ia z o c y c lo p e n ta d ie n e  a n d  N itro s o b e n z e n e
A s o lu t io n  o f  2 ,3 ,4 - tr ip h o n y ld ia z o c y c lo p e n ta d ie n e  (0 # 6 4 g ,, 
2m,moles) and n itro so b e n z e n e  ( 0 , 214g#, 2m,molos) in  
ohloroform  ( 20m l,)  was s u b je c te d  to  th e  same c o n d itio n s  a s  
in  th e  p re v io u s  ex p erim en t. The chrom atography p ro d u c ts  
were unchanged d iazo  compound ( 0 , 2g , ) ,  an u n id e n t i f ie d  re d  
o i l  and a g reen  so lid*  T h is  s o l id  was r e c r y s t a l l i s e d  from, 
e th a n o l to  g iv e  N—phenyl 2 , 3 , 4 —trip h e n y lc y c lo p e n ta d ie n o n e  
ketoxim e ( 0 , 0 9 6 g , , 12%) a s  green  n e e d le s , m#p. 15 6 - 1 5 8 ° ,
(Found: G, 8 7 ,2 5  H, 5 . I ;  N, 3*5* G^^H^^NO r e q u ir e s
0, 87.1; H, 5 . 25 ; N, 3 . 5%).
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6* reactions OF ^^ -T:STRAPHMYLGYQIiOPMa?AI)IENYLI3)ES
( i )  T riplaenylarsonium  2 , 3 . 4 , ^-tetrapheziy loyolopen-fcadienylide
a) At temp te d  Hy dr o l y s i s *- Sodium hydrox ide ( i g .  ) was 
d is s o lv e d  in  e th an o l ( 2^ml$ ) . T rip h en y larsonium  2 ,3 ,4 ,5 -  
te tra p h e n y lc y c lo p e n ta d ie n y lid e  (0#34g#, O#$m*mole) was added 
to  t h i s  s o lu t io n  a s  a su sp en sio n  and th e  m ix tu re  h e a te d  to  
r e f lu x  fo r  18 hr# # The s o lu t in  was quenched w ith  w ater 
(50ml*), and e x t r a c te d  w ith  chloroform * The ch lo roform  e x tra c t, 
was washed w ith  w a te r, d r ie d  (NagSO^^, and on rem oval o f th e  
so lv e n t an o i ly  re s id u e  remained* A d d itio n  o f e th e r  gave 
th e  unchanged y l id e  in  q u a n t i ta t iv e  y ie ld *
h) B enzaldehyde*- T ripheny larson ium  2 ,3 ,4 ,5*^tetraphenyl— 
c y c lo p e n tsd ie n y lid e  ( 0 *67g* Inum ole) and f r e s h ly  r e d i s t i l l e d  
henzaldehyde (0 * 1 0 6 g ., lm#mole) vjere d is s o lv e d  in  carhon 
te t r a c h lo r id e  (25ml*) and th e  s o lu t io n  "boiled f o r  5 hr# * A 
f u r th e r  q u a n t i ty  of r e d i s t i l l e d  henzaldehyde ( 0 . 0 5 3g -i 
0* 5m*mole) was added and th e  "boiling  co n tin u ed  f o r  an o th e r  
13 hr* # The so lv e n t was removed and e th e r  (lOml*) was added 
to  th e  r e d  r e s id u e  whereupon a p a le  ye llo w  p r e c i p i t a t e  . 
appeared* T h is  was f i l t e r e d  and washed w ith  e th e r  to  g ive 
u n re a o te d  arsonium  y l id e  (0*3g#)* The m o th e r - l iq u o r , on 
rem oval o f th e  so lv e n t, was d is so lv e d  in  a sm all amount, o f 
"benzene and a p p l ie d  to  an alum ina column p re p a re d  w ith  l i g h t  
petro leum  and "benzene* The i n i t i a l  hand (o ran g e) e lu te d
1 2 8 .
w ith. th i=8 m ix tu re  o f  s o lv e n ts  gave a r e d  so lu tio n #  E v ap o ra tio n  
o f th e  s o lv e n ts  and r e o r y s t a l l i s a t i o n  o f th e  r e s id u e  from 
g la c i a l  a c e t i c  a c id  gave 1 , 2 , 3 , 4 , 6-p en ta p h en y lf illv en e  ( 0 #0 7 3 g#, 
1650) a s  deep red-hroTO  p rism s , m#p# 197 - 1 9 9 ^ ( l i t ^ ^ ^ , 200- 201^) *
A second hand (p u rp le )  e lu te d  w ith  benzene gave, a f t e r  
ev a p o ra tio n  o f th e  so lv e n t and t r i t u r a t i o n ,  w ith  e th a n o l, 
s p a rk lin g  h la c k  c r y s t a l s  o f  2 , 3 , 4 , e tra p h e n y lc y c lo p e n ta -  
d ienone (0 .0 0 4 g # , 1 # 3 ^ ), m#p# 214’“2 l6^  , A p a le  ye llow  hand 
rem ained a t  th e  top  o f th e  column and t h i s  was © lu ted  w ith  
m ethano l. The so lv e n t was removed and w ate r added to  th e  
y e llo w  r e s id u e .  The w a te r  was h o i le d  f o r  5 min* and l e f t  to  
cool# White c r y s t a l s  s e p a ra te d  and a f t e r  th ey  had  heen 
f i l t e r e d  and d r ie d  gave t r l  phenyl a r  s i  ne oxide ( 0 #0 2 6 g*, 8^ ) ,  
m#p# 192° ,
The r e a c t io n  was re p e a te d  u s in g  chloroform  as  th e  so lv e n t 
and a s im ila r  y i e ld  (iTfo) o f 1 ?2 , 3 , 4 , 6-p en ta p h e n y lfu lv en e  
was obtained*
o) p-N i  tr .ohenza l dehyde. -  T rip h en y l arsonium  2 ,3 ,4 ,5 “  
te tra p h e n y lc y c lo p e n ta d ie n y lid e  ( 0 . 67g*, Im .m ole) and p y n i t r o -  
henzaldehyde ( 0 # 1 5 g ., Im .m ole) were d is s o lv e d  in  carbon 
te t r a c h lo r id e  ( 25ml#) and th e  m ix ture was h e a te d  to  r e f lu x  
f o r  4 h r . # D uring  t h i s  tim e th e  s o lu t io n  became deep red*
The so lv e n t was removed and th e  re d  re s id u e  tak en  up in  a 
minimum amount o f  benzene and a p p lie d  to  an alum ina column
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p re p a re d  w ith  a ( l ; l )  m ix tu re  o f benzene and l i g h t  petroleumi#
A s in g le  brown band was e lu te d  w ith  benzene to  g iv e , a f t e r  
rem oval o f th e  so lv e n t and t r i t u r a t i o n  w ith  n i trom ethane, 
6 -g -* n itro p h e n y l- l ,2 ,3 t4 ’“te tra p h e n y lfu lv e n e  (0#48g#, 95fo)* A 
sample was r e o r y s t a l l i  sed  from n i trom ethane a s  red-broxm  
n e e d le s , m*p. 232-234°* (Found: G, 8 4 #0; H, 4 *8 ; N, 3»5*
r e q u i r e s  G, 84*0; H, 5#d.; N, 3*2^)* The p a le  
y e llo w  band rem a in in g  a t  th e  top  o f th e  column was e lu te d  
w ith  methanol and th e  work-up o f th e  ye llo w  s o lu t io n ,  id e n t ic a l  
to  t h a t  d e s c r ib e d  in  th e  p re v io u s  experim en t, gave t r ip h e n y l -  
a r s in e  oxide (0«12g*, 41%)•
d) N i  t r  o 8 ob enzene. -  A m ix tu re  o f  tr ip h e n y l  arsonium.
2 , 3 ,4 ,5?“te tra p h e n y lo y c lo p e n ta d ie n y lid e  (0 # 6 7 g ,, Inum ole) and 
n i tro so b en zen e  (O.lGYg#, Im.mole) in  benzene (25ml.#) was 
h e a te d  to  r e f lu x  f o r  6 h r .  « (.A fter th e  i n i t i a l  3 h r .  a  f u r th e r  
q u a n t i ty  o f  n i  t r o  sob enzene ( 0 . 054g#, 0.5m* mole) was added).
The solvent, was red u ced  in  volume (jca-5m l.) and th e  s o lu t io n  
was a p p lie d  to  an  alum ina column p re p a re d  w ith  a ( 2 : l )  m ix tu re  
o f l i g h t  pe tro leum  and benzene# T h is m ix tu re  o f so lv e n ts  
e lu te d  a r e d  band which gave a  r e d  s o lu t io n  b u t which was 
shown by th in  la y e r  chrom atography to  c o n ta in  a c o lo u r le s s  
compound. On changing  th e  so lv e n t to  a ( i s 5) m ix tu re  o f 
l i g h t  petro leum  and benzene a sm all p u rp le  band was e lu te d  
which gave a t r a c e  o f 2 ,3 j4 j5 ” i® trapheny loyo lopen tad ienône»
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Benzene e lu te d  a g reen  band  which, gave a re d -g re e n  so lu tio n *  
The so lv e n t was ev ap o ra ted  and th e  r e s id u e  was t r e a t e d  w ith  
a l i t t l e  e th a n o l (5ml*) to  g ive  N-phenyl 2 ,3 ,4 ,5 ^ te tra p h e n y l-  
cy c lo p en tad ien o n e  ketoxim e (0*23g*, 48%). T his was i d e n t i c a l  
to  th e  compound p rep a red  from th e  r e a c t io n  o f 2 , 3 , 4 , t r a ­
phenyl d iazo o y c lo p en ta d ien e  w ith  n i tro so b en zen e  (Experim ent 
5 , i i i ) . The f i n a l  band on th e  column was yellow  and t h i s  
was e lu te d  w ith  ch loroform  to  give an o f f-w h ite  s o l id  a f t e r  
th e  so lv en t had  been  removed# R e c r y s ta l i i  s a t io n  o f  th e  s o l id  
from w ater a f fo rd e d  c o lo u r le s s  p l a t e s  o f  t r ip h e n y la r s in e  
oxide (0 * 0 3 2 g ., 1C%).
The r e d  s o lu t io n  w hich was i n i t i a l l y  e lu te d  from th e  
column was t r e a t e d  a s  fo llow s#  Alumina (5g#) was added to  
th e  s o lu t io n  and th e  so lv e n t was removed to  g ive  a m ix tu re  
o f th e  r e s id u e  w ith  dry  alumina* T h is  was a p p lie d  to  a 
f r e s h  column o f  alum ina p re p a re d  w ith  l i g h t  petroleum * A 
( lO : l )  m ix tu re  o f  l i g h t  petro leum  and benzene e lu te d  a 
c o lo u r le s s  band  which, a f t e r  ev a p o ra tio n  o f th e  so lv e n t and 
r e  c ry  s t  a l i i  s a t io n  o f th e  c o lo u r le s s  r e s id u e  from e th an o l gave 
t r i  phenyl a r s in e  (O .lO g ., 33%) a s  c o lo u r le s s  n e e d le s . When 
th e  r a t i o  o f l i g h t  pe tro leum  to  benzene was changed to  ( l : 2 )  
a r e d  band was e lu te d  which gave a b r ig h t  r e d  so lu tio n *
The so lv e n t was removed and th e  r e s id u e  r e  c r y s ta l  11 sed from 
n i trom ethane to  g ive  2 ,3 , 4 , 5“ t© trap h en y lcy c lo p en tad len o n e
1 3 1 .
a n i l  (G*1.6g # , 35%) a s  crim son p rism s, m .p, 232-235°. (Found: 
G, 90*8-, a ,  5#9; N, 3 * 2 .  N r e q u ir e s  0 , 9 1 *6 ; a ,  5 . 6 ;
M, 3*1%).
e). A ttem pted  r e a c t io n  w ith  P i ch i o r o o a rb  ene. -  Potassluim  
t-b u to x id e  ( 0 , 3 g .)  was added to  a s o lu t io n  o f  t r ip h e n y l— 
arsonium- 2 , 3 , 4 , 5" t© 'k cap h en y lcy o lo p en tad ien y lide (0 .3 3 5 g . ,
Q.5m.mole) in  benzene ( 20ml#) and th e  m ix tu re  was s t i r r e d  a t  
room tem p era tu re  w hile  ch loroform  ( 0 . 3m l.)  was added.
S t i r r i n g  was co n tin u ed  f o r  48  h r .  and th e  yellow  s o lu t io n  
became p a le  r e d .  The s o lu t io n  was f i l t e r e d  and th e  benzene 
solutioKi Washed th o ro u g h ly  w ith  w ater and d r ie d  (Na^SO^). 
Removal o f  th e  so lv e n t and a d d i t io n  o f  e th e r  ( l5 m l.)  gave a 
p a le  ye llow  p r e c i p i t a t e  w hich was f i l t e r e d  to  g ive  unchanged 
arsonium  y l id e  (0 * 2 5 g .) .  The e th e r  was ev ap o ra ted  from th e  
f i l t r a t e  and th e  r e d  re s id u e  was d is s o lv e d  in  a minimim o f 
benzene and a p p l ie d  to  an  alum ina column p rep a re d  w ith  l i g h t  
p e tro leu m . A ( 4 s i)  m ix tu re  o f  l i g h t  petroleum , and benzene 
e lu te d  a p a le  ye llow  band which gave t r i  phenyl a r s in e  (O .O lg. ) ,  
Benzene e lu te d  a p u rp le  band o f 2 ,3 ,4 ,5 ~ "te trap h en y lcy c lo p en ta - 
dienone ( 0 . 0l 8 g . ) .
( iiO  .gr.lpJleM.ylp]ioapho3fiituii 2 . 3 . 4 .  ^ -tetraD heriy loyoloA eatad l@ n-
The y lilde d id  n o t r e a c t  w ith  th o se  re a g e n ts  m entioned in  
Experim ent 6 , i )  under th e  c o n d itio n s  d e sc r ib e d  and was 
re c o v e re d  unchanged.
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( i i i )  T ri phenyl s t i b  oni-om 2 . 3 , 4 , 5r-te tra p h e n y l oycl op e n ta d i e n y l i  de
a) Hy d r oXy s i  s -  T rip h en y l stibonium  2,3? 4 , S r- te trap h en y l-  
o y c lo p e n ta d ie n y lid e  ( 0 *3 6 g . , 0*5m*mole) was added to. e th an o l 
(l5nil*) and th e  m ix tu re  h e a te d  to  r e f lu x  f o r  5 min* # A fte r  
th e  s o lu t io n  had  coo led  c o lo u r le s s  c r y s t a l s  separa ted*  These 
were f i l t e r e d  and washed with, co ld  e th an o l to  g ive  2 ,3 .,4?5’~*
te tra p h e n y lo y c l o pen tad ienc  (p*156g>, 85%) # The so lv e n t was 
removed from th e  mo.ther-1 iq u o r , w ate r was added to  th e  r e s id u e , 
and th e  m ix tu re  b o i le d  f o r  3 m in ,. The aqueous s o lu t io n  was 
d ecan ted  w h ile  i t  was h o t and l e f t  to  cool* The c o lo u r le s s  
c r y s t a l s  whioh p r e c i p i t a t e d  were f i l t e r e d  to  g ive  t r ip h e n y l -  
s t i b in e  oxide ( 0 , 074g*? 40%),
b) B enzaldehyde*- T ri phenyl stibonium  2 ,3 ,4 ?  5’“t  e tra p h e n y l-  
oycl o pen tad i enyl i  de (0*72g* ? Im .mole) and fre s ia ly  d i s t i l l e d  
benzaldehyde (0*106.g*, Im .m ole) were d is s o lv e d  in  carbon 
te t r a c h lo r id e  ( 25m l.) and th e  m ix tu re  r e f lu x e d  f o r  l8  hr* *
The solvent, was removed from th e  deep r e d  so lu tio n : and th e  
r e s id u e ,  in  a  l i t t l e  benzene , was a p p l ie d  to  an alum ina 
column p re p a re d  w ith  l i g h t  petroleum * E in tib n  w ith  a m ix tu re  
o f  l i g h t  pe tro leum  and benzene (4 * l)  r e s u l t e d  i n i t i a l l y  in
a  r e d  b a n d , w h ich  gave a  r e d  s o l u t io n ,  an d  t h i s  w as fo l lo w e d  
b y  a  p a le  y e l lo w  b a n d  w h ich  gave a  y e l lo w  s o lu t io n *  The f i r s t  
o f  th e s e  s o l u t i o n s  ( r e d ) ,  a f t e r  rem o v a l o f  th e  s o lv e n t  an d  
r e e r y s t a l l i s a t i o n  from  g l a c i a l  a c e t i c  a o id ,  gave
133.
1 , 2 , 3 , 4 , 6 -p e n tc ip h e n y lf u lv e n e  (0 * l8 4 g * , 4G%) « The seco n d  
s o l u t i o n  (y e llo w ), g a v e , a f t e r  th e  s o lv e n t  h a d  b e e n  rem oved 
a n d  th e  r e s i d u e  t r i t u r a t e d  w ith  e th a n o l ,  2 ,3 ,4  ? 1 e t r a p h  e n y l -
o y c l o p e n ta d i  ene  (O .Q 55g. ? 1 ^ ) .  A f i n a l  b a n d  ( y e l l  ow)/ was 
b r o u g h t  o f f  th e  colum n b y  e l u t i o n  w ith  im ethano l, and  
e v a p o r a t io n  o f  th e  s o lv e n t  gave  a  y e llo w  r e s i d u e .  T h is  was 
r e c r y s t a l l i  s e d  from  w a te r  t o  g iv e  t r i p h e n y l  s t i b i n e  o x id e
( 0 *092g . ,  2 ^ ) .
c) p -N i  t r  ob en  z a l  dehyde ,  -  A m ix tu re  o f  t r i p h e n y l -  
s tib o n iu m  2 ,3 ,4 ?  5*-~t e t r a p h e n y l  c y c lo p  e n ta d i  e n y l i  de (.8 . 721g . ,  
Im .m o le ) an d  p - n i t r o b e n z a ld e h y d e  ( O . l ^ l g # , Im .m o le ) i n  c a rb o n  
t e t r a c h l o r i d e  ( 2 5 m l.)  w as h e a te d  t o  r e f l u x  f o r  4 h r ,  an d  i t  
becam e d a rk  r e d .  The s o l v e n t  was rem oved  and  th e  r e s i d u e ,  
d i s s o lv e d  i n  a  l i t t l e  b e n z e n e , was a p p l i e d  t o  an  a lu m in a  
colum n p r e p a r e d  w ith  l i g h t  p e tro le u m . E lu t i o n  w i th  b e n ze n e  
b ro u g h t , o f f  a  brow n b a n d  w h ich  g av e , a f t e r  th e  s o lv e n t  had l 
b e e n  rem oved , r e d  c r y s t a l s  o f  6 - p - n i t r o p h e n y l - 1 ,2 ,3 ? 4 - t e t r a -  
p h e n y lfu lv e n e  (o;#49g#, 99%)* M ethano l e l u t e d  a  y e llo w  b a n d  
w h ich  a f t e r  t h e  w ork-up  gave  t r i  p h e n y l s t i b i n e  o x id e  ( 0 * l8 4 g . j
5 # ) .
d) H ltjg o so 'b en zen e . -  H i'bxoso 'benzene ( 0 , 053g . , 0 .5 m .m o le )
was added to  a s o lu t io n  o f tr lp h e n y ls tib o n iu m  2 ,3 ,4 ? 5 *"te tra- 
p h en y lcy c lo p en ta d i e n y li  de ( 0 . 36g . , 0.5m .m ole) in  benzene 
( 1 5ml. ) and th e  m ix tu re  was re f lu x e d  f o r  10 min. • The so lv e n t
31.34,
was removed and th e  r e s id u e  chrom atographed on an alum ina 
column p re p a re d  w ith  l i g h t  petro leum  to  g ive th re e  hands.
The f i r s t  hand ( c o lo u r le s s )  was e lu te d  w ith  a ( l : l )  m ix tu re  
o f l i g h t  pe tro leu m  and "benzene to  g ive  tr ip h e n y l  s t i h i n e ( 0*L2g*,
YiCÇo) ♦ A fte r  e lu t io n  w ith  "benzene ( to  g ive  a t r a c e  o f 2,3?4,5*^ 
t e  tra p h  enyl cy c l op en tad i en one) th e  so lv e n t was changed to  
ch lo ro fo rm , and t h i s  b ro u g h t o f f  a g reen  band. The solvent, 
was ev ap o ra ted  and th e  r e s id u e  r e o r y s t a l l i s e d  from n -p ropano l 
to  g ive  N -phenyl 2 ,3  ? 4 ? 5"-t e trap h e n y l cyc l open tad i en one ketoxim e 
( 0 $1 9 g . , 8l%) id e n t ic a l  to  th e  compound p rep a red  in  th e  
analogous r e a c t io n  w ith  th e  arsonium  y l id e  (E xperim ent 6 , i ,d ) «
e) A ttem pted  r e a c t io n  w ith  D ieh lo ro o a rb e n e . -  Potassium : 
t.-bu fox ide  (0*3g*) was added to  a  s o lu t io n  of t r lp h e n y l -  
stibon ium  2 ,3 ,4 !  5?-te tra p h e n y l cyc l open tad i enyl i  de ( 0 .3 6 g . ,
0_.5m#mole) in  benzene (20m l#). Chloroform  was added dropw ise 
and th e  m ix tu re  was s t i r r e d  a t  room tem p era tu re  f o r  48  h r . «
Work-up of th e  s o lu t io n  gave 2 ,3 ,4 ,5*”t  e tra p h en y l cy c l openta­
d i ene, 2 ,3 ,4 ;  5 t e  tra p h  enyl oycl open tad i enone and o th e r  
decom position  p ro d u c ts . No 6 ,6 r*d ioh lo ro -2 ,3 , 4 , 5 tra p h e n y l— 
fu lv e n e  was i s o l a t e d .
( iv )  Triphenylbigniu.-bhoiilum 2 .3 ,4 ,5.-tetxa.pheiiylcyclopeiita,-- 
d ie n y lid e
The arude y l id e  was r e a c te d  w ith  th e  same r e a c ta n t s  a s  
d e s c r ib e d  in  Experim ent 6 , i )  and under th e  same c o n d itio n s .
In  each case  none o f th e  many decom position  p ro d u c ts  was t r a c ta b le #
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(v )  Piphe,nyl gui.phomum .2., 3 , 4 , 5-tefeaplignylpyplop
a) A ttem pted  h y d r o ly s is *- A s o lu t io n  o f 2N sodium 
hydrox ide (2m l*) was added to  a su spension  o f d ip h e n y l-  
sulphonium 2 ,3 ,4 ?  5'-i© tra p h e n y l cyc l o p en tad i enyl i  de ( Q* 55g* ? 
Im .m ole) in  ethano l. (20ml*). and th e  m ix tu re  was h e a te d  to  
r e f lu x  f o r  20 hr* * The so lv e n t was removed and a m ix ture  o f 
e th e r  ( l^ m l* ) and e th an o l (5 m l.)  was added to  th e  r e s id u e .
The p a le  y e llo w  p r e c i p i t a t e  which appeared  was f i l t e r e d  and 
washed w ith  e th e r  to  g ive unchanged d ipheny l sulphonium y l id e  
i n  q u a n t i ta t iv e  amount*
b) A ttem pted r e a c t io n  w ith  a ld eh y d es . -  An a ttem p t was 
made to  e f f e c t  a  r e a c t io n  betw een d ipheny l sulphonium 2 ,3 ,4 ?  5“* 
te tra p h e n y lc y c lo p e n ta d ie n y lid e  and each o f th e  a ld eh y d es , 
b en za l dehyde, £ -n i  t r  ob en z a l dehyde, and 2 ,6 —di n i t r  ob en za l dehyde. 
The g en e ra l p ro ced u re  was to  mix th e  aldehyde (im .m ole) and 
th e  y ll.de (im .m ole) in  carbon  te t r a c h lo r id e  (20ml*) and 
r e f lu x ,  th e  s o lu t io n  f o r  20 hr* * In  each case  a  q u a n t i ta t iv e  
reco v e ry  o f th e  s t a r t i n g  m a te r ia ls  was o b ta in ed .
c) N itro so b e n z e n e . -  A m ix ture o f  n i tro so b en zen e  ( 0 .1 0 6 g . , 
Im*mole) and d iphenylsu lphonium  2 , 3 , 4 ? 5 © tra p h e n y lc y c lo p e n ta ­
d i enyliide (0*55g», Im .m ole) in  benzene (20m l.) was re f lu x e d  
f o r  18 hr# d u rin g  which tim e th e re  was v e ry  l i t t l e  co lo u r 
change. (A f te r  3 h r .  r e f lu x in g  more n itro so b e n zen e  (0 .0 5 -g .,
0 .5m.mole) was added ). The so lv e n t was removed and e th e r  (lOml*)
1 3 6 .
was added to  g iv e  a p r e c i p i t a t e  o f unchanged y l id e  (0 ,3 7 g .)  
w hich was f i l t e r e d  o f f .  The re s id u e  fromi th e  e th e r e a l  s o lu t io n  
was a p p lie d  to  an alum ina column p re p a re d  w ith  benzene.
Chloroform  I e lu te d  a sm all g reen  band which gave, a f t e r  
ev a p o ra tio n  o f th e  so lv e n t and r e  c ry  s t a l l i  s a t  io n  from n-pr.opanol, 
N -phenyl 2 ,3?4?5~"tetraph en y lcy  c l  op en t  a d i en one ketoxim e (0 .0 2 4 g .?  
5%) id e n t ic a l  to  th e  compound i s o l a t e d  in  th e  analogous 
r e a c t io n  w ith  th e  stibonium  y l id e  (Experim ent 6 , i i i , d)
( y i )  MethylBlienyl sulphoniyun. 2 .3 ,4 .5"te-tra.phen.yIo.Yclopenta-
a) Hydr o l y s i s . "  A s o lu t io n  o f 2H sodium hydrox ide (2 m l.) 
was added to  a  su spension  o f methyl phenyl sulphonium. 2 ,3 ,4 ,5 '^  
te tra p h e n y lc y c lo p e n ta d ie n y lid e  (0.49g» ? Im .mole) in  e th an o l
( 20ml. ) and r e f lu x e d  f o r  10 h r . . Thin la y e r  chrom atography 
showed th e  absence o f any o f th e  y l id e  and th e  p re sen ce  of 
a number o f decom position  p ro d u c ts  in c lu d in g  m ethylphenyl-  
su lp h id e . Column chrom atography o f th e  re s id u e  gave no 
t r a c ta b le  p ro d u c ts .
b)/ A ttem pted  r e a c t i  on w ith  A ldehydes. -  Me th y  1 phenyl— 
sulphonium 2 ,3 ,4 ?  5 tr a p h  enyl cyc l o p en tad i e n y li do was 
reco v e re d  unchanged when a tte m p ts  were made to  r e a c t  i t  w ith  
e i t h e r  b en za ld eh y d e , p -n itro b e n z a ld e h y d e , o r 2 ,6 - d in i t r o -  
benzaldehyde u n d er c o n d itio n s  id e n t ic a l  to  th o se  d e sc r ib e d  
f o r  th e  ana logous r e a c t io n s  of the  d ipheny l sulphonium y l id e .
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o) Ni t r o  sQ~b en z ©ne. » -  M ethylphenyl sulphonium- 2 ,3 ,4 ?  
phenyl cycl o p en tad i e n y li de (0 ,4 9 .g ., Im .m ole) was d is s o lv e d  
in  benzene (20m l«) and n itro so b e n z e n e  (O .lO dg#, Im .m ole) 
was added. The m ix tu re  was h e a te d  to  r e f lu x  f o r  3 l ir .  and 
th e n  a f u r th e r  amount o f n itro so b e n zen e  (O.OJg*, 0.5m ,m ole)
Was added to  th e  s o lu t io n  and r e f lu x in g  was c o n tin u ed  f o r  
a n o th e r  12 h r# . The s o lv e n t was removed and th e  r e s id u e  
was b o i le d  w ith  e th an o l ( l5 m l.)  f o r  two m in u tes . F i l t r a t i o m  
o f th e  h o t m ix tu re  gave a sm all amount o f u n re a c te d  
sulphonium! y l id e  ( 0 #05g*) and th e  co o led  e th an  o l io  s o lu t io n  
gave green-brow n c r y s t a l s  o f  N-phenyl 2 ,3 ,4 ?  e tra p h e n y l-
cy c l open tad i enone ketoxirae (0 # 3 8 5 g ., 81%) .
( v i i )  D iphenyl s e l  enonium 2 , 3 . 4 . 5 1 e trap h en y l cyc l o p en tad i enyl i  de
a) A ttem pted  h y d r o ly s is »- A s o lu t io n  o f 2N sodium 
hydrox ide  (2ml#) was added to  a  suspension  o f d ip h e n y l-  
s e l  enonium 2 , 3 , 4 , 5‘- te tr a p h e n y l cyc l o p en tad i e n y li  do ( 0 ^30g, ,
0*5m.mole) in  e th an o l ( l5 m l . ) and th e  m ix tu re  was h e a te d  to  
r e f lu x  f o r  20 h r . . A q u a n t i ta t iv e  reco v e ry  of th e  s e l enonium 
y liide was o b ta in e d  a f t e r  u s in g  a work-up p rocedure  id e n t ic a l  
to  th a t  d e s c r ib e d  f o r  th e  a ttem p ted  h y d ro ly s is  o f  th e  d ip h en y l-  
sulphonium y l id e  (E xperim ent 6 ,v ,a ) .
1 3 8 .
b )A ttem pted .r e a c t io n  w ith  Al.deh.vdas* - No r e a c t io n  took 
p la c e  between d iphenyl s e l  enonium 2 , 3 , 4 , © traphenyl cycl o -  
p e n ta d i e n y li  de and e i th e r  b en za l dehyde, £—n i t  rob  en z a ldehyde, 
o r 2; 6 -d in itro b e n z a ld e h y d e  when th e  same c o n d itio n s  a s  
d e sc r ib e d  f o r  th e  a ttem p ted  r e a c t io n  o f th e  d iphenyl sulphonium- 
ana logue (E xperim ent 6 ,v ,b )  were u sed . A q u a n t i ta t iv e
re c o v e ry  o f th e  s t a r t i n g  m a te r ia ls  was o b ta in e d  in  each c a se .
c) N itro so b en z en e . -  A m ix tu re  o f n itro so b e n z en e  (0 .1 0 6 g ., 
Im .m ole) and d ip h en y l s e l  enonium 2 ,3 ,4 ,5*"t e tra p h en y l cycl openta­
d i e n y li  de (0 .6 0 1 g . , Im .m ole) in  benzene (25m l.) was re f lu x e d  
f o r  18 h r . . (A f u r th e r  amount o f n itro so b e n zen e  (0 .053g* ,
0.5m .m ole) was added a f t e r  th e  f i r s t  3 h r . ) .  A f te r  th e  
so lv e n t had been  removed th e  re s id u e , in  benzene, was a p p lie d  
to  an alum ina column p re p a re d  w ith  benzene. Ghloroform 
e lu te d  a g reen  band which gave a g re e n -re d  s o lu t io n .  The 
so lv e n t was ev ap o ra ted  and th e  green  r e s id u e  was r e o r y s t a l l i s e d  
from n -p ro p an o l to  g ive N—phenyl 2 ,3 ,4 ,5>-t e tra p h e n y l cyc l o - 
p e n ta d i enone ketoxim e ( 0 . 3 8 g . , 80%).
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7,. PREPARATION OF FQLVMES AND KHPHENYIi GYGLOPENTADIKNOTO ANILS 
The g e n e ra l p ro ced u re  f o r  th e  p re p a ra t io n  o f fu lvene.s 
( a f t e r  Lowenhein and Ulich)^^*^ was a s  f o l lo w s .-  A m ix tu re  
o f  d iene (2m .m oles) and a ldehyde (2*5m«moles) in  a m ethano lio  
s o lu t io n  o f sodium hydrox ide  (2g# in  50m l, )  was h e a te d  to  
r e f lu x  f o r  6 hr* * In  each  case  th e  suspension  became d a rk ly  
coloured* The work-up f o r  each experim ent i s  do s c r ib e d  
in d iv i  d u a lly .
( i )  1 .,2 .3 .4 .6  r-P o n t anhenyl fu lv en e
The deep r e d  c r y s t a l s  were f i l t e r e d  w h ile  th e  s o lu t io n  
was s t i l l  h o t and r e c r y s t a l l i s e d  from g la c ia l  a c e t i c  a c id  to  
g iv e  1 ,2 , 3 , 4 , 6 ~ pen tapheny lfu lvene  ( 0 . 64g . , 7,0%) a s  doep 
s c a r l e t  p rism s, m .p. 198-199°C lit^^^‘.1 9 9 ° ) •
Qxi,da t  i  on o f  1 .2  ♦ 3 .4 .6  -p  en tan h en y l fu lv en e  » -  Potassium  
hydrox ide ( O . l g . ) was added to  a m ix tu re  o f 1 , 2 , 3 , 4 , 6-pen i;a- 
p h en y lfu lv en e  (0*46g*, Im .m ole) and hydrogen p e ro x id e  (5 m l,, 
30%) in  dioxan (20m l.) and th e  s o lu t io n  was b o i le d  f o r  3 h r* . 
The re d  s o lu t io n  became p a le  yellow  and a p r e c i p i t a t e  appeared . 
T h is was f i l t e r e d  from th e  coo led  s o lu t io n  to  g ive  b e n z a l— 
2 ,3 ,4 ,5.r-te tra p h e n y l cycl o p en tad i ene ox ide ( 0 .2 8 g . , 60%), A 
sample was r e o r y s t a l l i  sed  from a m ix tu re  o f  n i  trom e thane and 
benzene, a s  w h ite  f l u f f y  n e e d le s , m .p, 2 1 0 °(red  m elt.).  (Found:
0, 8 9 . 4 ; H, 5 . 3 . r e q u ir e s  0, 91*1; 1% 5#5%).
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( i i )  1 .2 ,3 .6 —T.e tra p h e n y l f u i  vene
The brown p r e c i p i t a t e  was f i l t e r e d  from th e  h o t s o lu t io n , 
d is s o lv e d  in  a minimum o f benzene and a p p l ie d  to  an alum ina 
column p re p a re d  w ith  l i g h t  pe tro leu m . The f i r s t  band (re d )  
e lu te d  w ith  a ( l  : l )  m ix tu re  o f l i g h t  petro leum  and benzene 
gave, on e v a p o ra tio n  of. th e  so lv e n t and r e o r y s t a l l i  s a t io n  
from n i trome th a n e , 1 , 2 , 3 , 6 ^ t e trap h en y l fu lv en e  ( Q. 15g* , 20%) 
a s  re d —brown n e e d le s , m.p* 170°. T h is  compound ifas id e n t i c a l  
to  th e  fu lv en e  p re p a re d  in  Experiment. 1 1 , i i , b ) .
( i i i )  d -p-h itro p h e ix Y lr l. 2 , 3 .4-^t e tra p h e n y l fu lv en e
The broim  p r e c i p i t a t e  was f i l t e r e d  from th e  h o t s o lu t io n . 
R e o r y s ta l l i  s a t io n  from n i  trom e thane a f fo rd e d  6 -£ -n i t r  ophenyl— 
1 , 2 ,3 ,4 " ‘te tra p h e n y lfu lv e n e  (0#6g*, 6.0^ Q a s  re d —brown n e e d le s , 
m.p* 232—234° , i d e n t ic a l  to  th e  fu lv en e  p rep a red  in  
Experim ent 6, i , e.) •
The broTO p r e c i p i t a t e ,  w hich was f i l t e r e d  from th e  hot, 
s o lu t io n , was chrom âtogaphed on an alum ina column p rep a re d  
w ith  l i g h t  p e tro leu m . A brown band was e lu te d  w ith  a ( l  : l )  
m ix tu re  o f  l i g h t  petro leum  and benzene* T liis f r a c t io n  gave, 
a f t e r  r e o r y s t a l l i s a t i o n  from n i trom ethane, 6—p -n itro p h e n y l-  
1 , 2 , 3 - t r ip h e n y lf u l  vene ( 0 * 13 g* , 15%) a s  bro.wn nee d ie s ,  m.p* 
163—1 6 5 ° . T h is  fu lv en e  was id e n t ic a l  to  th a t  p re p a re d  in  
Experim ent 1 1 , i i , c ) .
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(v )  H—Phenyl 2 . 3 . 4 . 5 ^ te trapheny loyo lcrpen tad ienone a n i l
O') ^Q@ __2.i2A4.:^TteM aRhenylpyQlo])e^ -  Sodium;
e th o x id e  ( 1ml*, 0*5g# so.divun in  10ml. e th a n o l)  was added to. 
a s o lu t io n  o f  2 ,3 ,4 ,5 - t  © tra p h e n y lc y o lo p e n ta d i ene (0#74 g# ,
2m .m o les) and. n itro so b e n z e n e  (0#214g*, 2m. mol es) i n  benzene 
(20m l.) and th e  m ix tu re  was h ea ted  to  r e f lu x  f o r  10 min. ♦
The deep re d  s o lu t io n  was coo led  and l i g h t  p e t r o l o u a t i  was 
added. A f te r  th e  s o lu t io n  had s to o d  a t  room; tem p era tu re  f o r  
8 h r .  r e d  c r y s t a l s  s e p a ra te d . These were f i l t e r e d  and 
r e o r y s t a l l i  sed  from n i trom e thane  to  g iv e  N-phenyl 2 ,3 ,4 ,5 ”
te traphen^rloyclopen tad ienonqC .35g* , 38%) a s  deep r e d  p rism s, 
m .p. 235°, id e n t i c a l  to  th e  compound o b ta in e d  i n  Experim ent 
d, i , d) .
■b) .Rcom I -Bfa.erL.Yl 2 . 3 . 4 . 5 " te t %Rhe;tmlc%clgBem^ 
ketox im e. -  Phosphorus t r i c h l o r i d e  ( im l . )  was added to  a 
s o lu t io n  o f N -phenyl 2 , 3 , 4 , 5^"i© tra p h e n y l cyclop e n ta d i enone 
ketoxim e (0 .2 3 7 g * , Q#5m*mole) in  ch loroform  (iQ m l.) and 
co o led  in  an io e -b a th .  The. coo led  m ix tu re  was s t i r r e d  and 
slow ly  b ro u g h t to. room tem p era tu re  over 5 hr.#.  At t h i s  s ta g e  
th e re  was no in d ic a t io n  t h a t  any re d u c tio n  to  th e  a n i l  had 
o c c u rred . W ater (,2ml.) was added to  th e  s t i r r e d  s o lu t io n  
and th e  m ix tu re  was l e f t  f o r  8 h r .  # The mixtur.e was quenched 
w ith  w ater ( 25m l.) and e x t r a c te d  i f i th  ch loroform  to  g ive 
^ , 3 , 4 , 5 '-t e tra p h e n y l cy c l op e n ta d i enone (0*49g#, 70%), m .p, 216° .
14”C. «
A m ix tu re  o f  tr ip h en y lp h o sp h in e  ( 0,262g*, Im .m ole) and 
Nyphenyl 2 , 3 , 4 , 5^i© i3?aphenyl cycl o p en tad i enone ketoxim e 
(p * 237g#, 0 . 5m.mole) in  benzene ( 20m l*) was h e a te d  to. r e f lu x  
f o r  4 h r . .  The so lv e n t was ev ap o ra ted  from th e  deep re d  
s o lu t io n  and th e  re s id u e  was ohromatmgraphed on an alum ina 
coluinn. The i n i t i a l  c o lo u r le s s  band which was e lu te d  w ith, a 
( l : l )  m ix tu re  o f l i g h t  petro leum  and benzene gave u n re a c te d  
tr ip h e n y lp h o sp h in e  ( O . l lg ,  ) .  Benzene e lu te d  a r e d  band 
whi ch  gave N -phenyl 2 , 3 , 4 , 5 '^ *^ ©*^ ©^'Pii©3iy l  oycl opentadi. enone 
a n i l  ( 0 , l 84g . , 80%) a s  deep re d  n e e d le s , id e n t i c a l  to  th e  
compound p re p a re d  from 2 , 3 , 4 , 5 '~i©i3?aphenyloyolQ pentadiene.
c) A ttem pted  oxi d a t io n  o f N-phen y l 2 .3 .4 ,5 - t  e t rap h enyl -  
cy c lo p e n ta d ie n o n ^ _ a n il#-  An e th e re a l  s o lu t io n  o f p e rp h th a l ic  
a c id  ( 4m l*, 0 . 4m.mole) was added to  a s o lu t io n  o f  N—phenyl 
2 , 3 , 4 , 5^ i© tra p h e n y lc y c lo p e n ta d ienone a n i l  ( 0 . 23g*, 0 . 5m.mole) 
in  m ethylene c h lo r id e  ( l 2m l.) and th e  s t i r r e d  m ix tu re  was 
co o led  in  an i c e —b a th . The ic e  was a llo w ed  to  m e lt and th e  
m ix tu re  l o f t ,  f o r  8 h r .*  A f te r  t h i s  p e r io d  no ketoxim e was 
d e te c te d  amongst th e  decom position  p ro d u c ts
A s o lu t io n  o f  hydrogen pero x id e  (4 * 5m l., £ a . Im .m ole) 
was added to  a  s o lu t io n  o f N—phenyl 2 , 3 ,4 ,5"^i©^32ap h en y lcy c lo — 
p e n ta d i enone a n i l  (O* 23g#, 0 . 5m. mole) in  g la c ia l  a c e tic , a c id  
( 15m l.) and th e  m ix tu re  warmed a t  *70° f o r  3 h r* . More 
hydrogen p e ro x id e  was added and a f t e r  6 h r .  th e re  was no. 
in d ic a t io n  o f th e  fo rm a tio n  of th e  ketox im e.
1.43-
(V/i) N-Pllenyl 2 .3 ,4^trxph ':enyloyclopentadienone a n i l
p rocedu re  was u se d  a s  d e s c r ib e d  f o r  tile  p re p a ra t io n  o f  th e  
t e  trap h e n y l ana logue (E xperim ent 7 ,v  , a ) .  N -phenyl 2 ,3 ,4 “  
t r ip h e n y lc y c l  o p en tad i enone a n i l  (.p.23g#, ^^/o) was re o ry  s t ­
a l l i  sed from n i trom ethane a s  b r ig h t  s c a r l e t  n e e d le s , m.p* 
190 - 1 9 2 ° . Cffound: C, 9 0 .2 ; H, 5 .4 ;  H, 4 .2 .
r e q u ir e s  0, 9 0 ,8 ; H, 5*5; N, 3#7%).•
b) From N-p h en y l 2 ,3 .4 - t r ip h e n y l  cy c l o p en tad i enone 
ketox im e» - A m ix tu re  o f  tr ip h en y lp h o sp h in e  (0*262g#, Im .m ole) 
and N-phonyl 2 ,3 ,4“ tr ip h e n y lo y c l  o p en tad i enone ketoxim e 
(p*23.6g., 0*5m.mole) in  benzene (20m l.) was lio a ted  to  r e f lu x  
f o r  4 h r , * A work-up p ro ced u re  s im ila r  to  th a t  d e sc r ib e d  
in  Experim ent 7 „^ ,h ) gave Hy-phenyl 2 ,3 ,4 - t r ip h e n y l  cyclop e n ta ­
d i enone a n i l  ( 0 . l 6 g . , 70%) us s c a r le t  n e e d le s , and t r ip h e n y l­
pho sphine ox ide (p.G39ê‘*, 30%)»
8 . PREPARATION OF 5-BR0M0-2,3,4-TRIPHEHYLGYQLOPMTi\3)IENE 
N-Br.omosuocinimide ( l . 7 8 g , , 10m.moles) was added to  a 
s o lu t io n  o f 2 ,3 ,4-i3?iphenyl oycl o p en tad i eno ( 3 *09g . , ICm.mbles 
+ 5% excess) i n  carbon t e t r a c h lo r id e  ( 40m l.) and h e a te d  to  
r e f lu x  f o r  90 m in ,* The suooinim ide was f i l t e r e d  from th e  
co o led  .s o lu t io n  and th e  carbon te t r a c h lo r id e  was removed from  
th e  f i l t r a t e  to  le a v e  a g reen -y e llo w  c r y s t a l l i n e  r e s id u e .
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T h is  was d is s o lv e d  in  a m ix tu re  o f equal, p o r t io n s  o f h o t 
m ethanol and ohloxoform  and th e  s o lu t io n  b o i le d  w ith  a c t iv e  
ch a rc o a l (0 * 5 g .)  f o r  5. m in ,. A fte r  th e  s o lu t io n  had been 
f i l t e r e d  and co o led  a c r y s t a l l i n e  p r e c i p i t a t e  ap p eared . T h is  
was r e o r y s t a l l i  sed  from a m ix tu re  o f  e q u a l volumes o f c lilo ro — 
form and m ethanol to  g ive  5“hromo»-2,3 ,4 - tr ip h e n y l  oycl open ta­
d i ene (2*5gê, a s  y e llo w -g reen  p l a t e s ,  m*p, 150-152°
( l i t  ^-^^.147°). (ffoTOid: C, 7 4 .3 ; H, 4 . 5 * r e g u i r e s
0 , 7 4 ,0 ; H, 4 . # ) .
9.. PREPARATION Off QY0L0PMTAIII1BHYI,IDBS VIA THE « RALT' ICBOBOI)
5 -B rQ rao -2 ,3 ,4 -trip h en y lcy c lo p en tad ien e  ( l# 4 9 g * , 4m#moles) 
was d is s o lv e d  i n  warm n i trom e thane (35m l,) , Dry p y r id in e  
(0 # 3 l6 g * , 4m.moles) was added and th e  m ix tu re  was warmed a t  
9 0 ° on a w a te r—b a th  f o r  2 h r , , (A f u r th e r  p o r t io n  o f p y r id in e  
( 0 * l6 g , , 2m.moles) was added a f t e r  th e  f i r s t  h o u r ) .  The 
so lv e n t was removed and th e  r e s id u e  d is s o lv e d  i n  e th an o l 
(5 m l,)  and p e r c h lo r ic  a o id  ( 0 .5 m l., 20% excess) was added.
The orange p r e c i p i t a t e  which se p a ra te d  became an o i l  on 
a d d i t io n  o f e th e r  ( l5 m l.)  b u t a f t e r  2 h r ,  orange c r y s ta l s  
d e p o s ite d  from th e  s o lu t io n .  These were f i l t e r e d  ( l.0 5 g #  ? %2%) 
and r e c r y s t a l l i s e d  from e th an o l to  g ive  N—( 2 ,3 j4 - t r ip h e n y l -  
cy c l op en tad i eny l ) p y r i dinium p e rc h lo ra te  a s  y e l l  ow-or ange
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n e e d le s , m.p# 215-216°, (Found: C, 7 1 ,0 ; H, 4 . 9 . G^gHi^^^îClO^
r e q u ir e s  G, 71*4? H, 4*7%)*
H y d ro ly s is  o f  th e  s a l t , -  A su spension  o f th e  p e rc h lo ra te  
(0 * 4 7 2 g ,, lm,mole). i n  aqueous e th an o l (lO m l,, 50%) was t r e a t e d  
w ith  a s o lu t io n  of. 2N sodium hydroxide ( 2ml») and th e  m ix tu re  
was s t i r r e d  f o r  12 h r , .  The p u rp le  p r e c i p i t a t e  was f i l t e r e d  
to  g ive p y r i  dinium  2 ,3 ,4 - t r i  phenyl cyol op e n ta d i e n y l i  de ( 0 ,3 2 g , , 
$5%)* T his compound co u ld  n o t he r e c r y s t a l l i s e d  from any o f 
th e  u su a l s o lv e n ts .  The y l id e  had nup^ 183 - 1 8 6 ° , (Found:
G, 90*4; Hj 5 , 7;| Il f  3 , 6 , G^qH^^N r e q u ir e s  G, 9-0,6; H, 5 , 7,;
N j 3 • 8% ) ,
( i i )  T rinheny lpho  sphonium 2 , 3 ,4 , 5- t  e tra p h e n y l cy c l op e n ta d i enyli.de
a) A p re lim in a ry  a tte m p t to  p re p a re  th e  y l id e  was made 
a s  f o l lo w s ,-  T riphenylpho  sphine ( 0 ,262g», Im .m ole) was added 
to  a s o lu t io n  o f  5-Bromo—1 , 2 , 3 ?4^ te tra p h e n y lc y c lo p e n ta d ie n e  
(0#45-g*, Im .m ole) i n  n i  trom e thane ( l5 m l.)  and th e  m ix tu re  was 
warmed a t  60° f o r  5  m in .. The s o lu t io n  ivas co o led  and c o lo u r­
l e s s  c r y s ta l s  sep ax a ted  which were f i l t e r e d  and r e  c r y s t a l l i s e d  
from a c e t o n i t r i l e  to  g ive  2 , 3 , 4 , 5 -i© i:caphenyl oycl o p en tad i ene 
(Q ,2 8 g ., 7%k), m .p. 17,6 ° .
h) A m ix tu re  o f  5 -b ro m o -i, 2 , 3 , 4- te t r a p h e n y lc y c lo p e n ta -  
d iene  (0,45g# , Im .m ole) and tr ip h e n y lp h o  sphine (0 ,7 8 6 g .,
3m,moles) was h e a te d  on an o i l - h a th  a,t 150° f o r  10 m in ,. The 
s o lu t io n  s o l i d i f i e d  on c o o lin g  and e th e r  ( l 5m l.) was added to
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g ive  a yellow  p r .e o ip i ta te  o f t r i  phenyl ( ,2 ,3 ,4 ,5 —f  © tra p h e n y l-  
oyclopen tad ieny l).phosphoniim  hromide ( 0 .68g» , 96%), A 
s o lu t io n  o f th e  s a l t  i n  e th a n o l (8m l.) was t r e a te d  w ith  
p e r.c lilo rio  a o id  ( 0 ,2ml. , 70%) * E th e r  ( l5 m l,)  was added to  
th e  yellow  s o lu t io n  and th e  c o lo u r le s s  c r y s t a l s  were f i l t e r e d ,  
washed w ith  e th e r ,  and r e o r y s t a l l i  sed from m ethanol to  g ive 
t r i  phenyl ( 2 , 3 , 4 , 5 - te tr a p h e n y l cyol open tad i enyl ) pho sphonium. 
p e ro h lo ra te  (0»66g», 90^ 0 ,  id e n t ic a l  to  th e  compound p rep a red  
in  Experiment- 3, v i i . ) .
H y d ro ly s is  o f th e  s a l t » - A s o lu t io n  o f 2H sodium 
hydroxide (2m l») was added to  a su spension  o f t r ip h e n y l ( 2 ,3 ,4 ,5 — 
t e tra p h e n y lc y c lo p e h ta d i e n y l) pho sphonium p e rc h lo ra te  (0 .3 6 5 g * ,
0*5m.mole) in  e th an o l (1 5ml. ) .  The m ix tu re  was shaken 
v ig o ro u s ly  f o r  10 min» and th e n  l o f t  f o r  3 h r ,  » The p a le  
y e llo w  p r e c i p i t a t e  (0 » 29g*, 93%) was f i l t e r e d  and r e o r y s t a l l i s e d  
from a m ix tu re  o f benzene and n i trome th an e  to  g ive t r ip h e n y l— 
phosphonium 2 , 3 , 4 , tr a p h e n y lc y c lo p e n ta d ie n y lide, id e n t i c a l  
to  th e  compound p rep a red  in  Experim ent 3 ,v i i ) »
( i i i )  teip.hen.YXphosph.onium 2.3.4--triplion.Ylo.Yclopen-tadieii.Ylide
a) A p re lim in a ry  a tte m p t to  p re p a re  th e  y l id e  was made 
a s  f o l lo w s .-  T rip h eny lphosph ine  ( 0 ,262g», Im .m ole) was 
added to  a s o lu t io n  o f 5-bromo—2 ,3 ,4 - tr ip h e n y lc y c lo p e n ta d ie n e  
(0»374ê'*j Im .m ole) in  n i  trom e thane  ( 1 5ml, ) and th e  m ix tu re  
warmed a t  60° f o r  5 min*. On c o o lin g , c o lo u r le s s  c r y s ta l s
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were d e p o s i te d . These were f i l t e r e d  and r e o r y s t a l l i s e d  from 
a c e t o n i t r i l e  to  g ive 2 ,3 ,4 - tr ip h e n y lc y o lo p e n ta d ie n e  (O ,2 2 g ,,
75%)» m.p# 165 :°.
b) 5>-BromQ-2, 3 , 4 - t r ip h e n y l  cyol o p en tad i ene ( G* 374g* »
Im .m ole) and tr ip h e n y lp h o  sph ine ( 0 ,7 8 6  g# , 3m, mol es) were 
h e a te d  to g e th e r  on an o i 1 - b a th  a t  1 5 0° f o r  10  m in ,, E th e r  
( 15m l.) was added to  th e  co o led  mass and a ye llow  p r e c i p i t a t e  
form ed. T h is was f i l t e r e d  o f f  and washed with, e th e r  to  g ive 
tr ip h en y l.(  2 , 3 , 4 - t r ip h e n y l  c y c l open tad i eny l ) phosphonium brom ide 
(0 # 6 0 5 g ,, 95%) * P e rc h lo r ic  a c id  ( 0 .2 m l,, 70%) was added to  
a s o lu t io n  o f th e  s a l t  i n  e th a n o l ( 4m l.) ,  C o lo u rle ss  c r y s t a l s  
s e p a ra te d  on a d d i t io n  o f e th e r  ( l 5m l,) and th e se  were f i l t e r e d ,  
washed w ith  e th e r  , and r e o r y s t a l l i  sed  from m ethanol to  g ive 
tr ip h e n y l  ( 2 , 3 , 4 —tr ip h e n y l  cy c l o p en tad i enyl ) pho sphonium 
p e rc h lo ra te  (0*47g*, 78%) a s  c o lo u r le s s  p la t e s ,  m .p, 259- 261° , 
(Found: G, 7 4 .7 ; H, 5*1- G K^^OIO.P r e q u ir e s  G, 75*2 ; H., 4*9%) 
H y d ro ly s is  o f  th e  s a l t , -  A s o lu t io n  of 2N sodium 
hydr.Dxide ( 2m l.)  was added to  a su spension  o f  t r ip h c n y l—
(-2 , 3 , 4- t r i  phenyl cyol o p en tad i enyl ) pho sphoniuiKi p e ro h l o ra te  
(0*554g*i Im .m ole) in  ethanol. (2Gml#)# The m ix tu re  was shaken 
f o r  10 min. and l e f t  f o r  6 h r# , The ye llo w  p r e c i p i t a t e  was 
r e o r y s t a l l i s e d  from a c e t o n i t r i l e  to  g ive  t r i  phenylph o sphonium 
2 ,3 ,4- t r i  phenyl cyol o p en tad i e n y li  do ( 0 . 3 4g , , 75%) a s  yello.w 
n e e d le s , m .p. 240-243°. (Found: C, 8 9 . l ;  H, 5 , 5 ,
r e q u i r e s  G, 8 8 . 8 ; H, 5 . 6%),
1 4 8 *
10» PREPARATION OF TRIPHMYLAHSQNIIBÎ 2 . 3 , 4-TRIPHMXLCYOLQ-  
PENTADIM^YLIDES
( i )  T r ip heny larsonium  2 ,3 ,4 - tr ip h e n y lc y o lo p  e n ta d i e n y li  de
a) A p re lim in a ry  a tte m p t to  p re p a re  th e  y l id e  was made a s  
fo llo w s* -  A s o lu t io n  o f 2 ,3 ,4 —tr ip h e n y l  cy c l o p en tad i ene (0*59g*, 
2m.moles) in  m ethylene c h lo r id e  ( 7ml*) wqs added to  a s o lu t io n  
o f t r ip h e n y l  a r s in e  oxide ( 0 *644g*, 2m* mol es) (h e a te d  in  an
oven a t  1 4 0 ° for. 3 h r .  b e fo re  u se) in  a c e t i c  an h y d rid e  ( l 5ml*) 
and th e  s t i r r e d  m ix tu re  was warmed on a w a te r-b a th  a t  3 5 ° f o r  
24 h r* , The s o lu t io n  was poured  in to  w ate r (50m l*), l e f t  
f o r  6 h r# , and th e n  e x t r a c te d  w ith  m ethylene c h lo rid e *  A f te r  
th e  e x t r a c t  had  been d r ie d  (Na^SO^) and th e  so lv e n t removed 
unchanged 2 , 3 , 4 —trip h e n y lc y o lo p e n ta d iene  was recovered*
b) Phosphorus p en to x id e  (l.O g*) was added to  a s o lu t io n  
o f 2 , 3 , 4 - t r ip h e n y l  cyc l o p en tad i ene (2*06g#, 7m*imoles) and t r i ­
phenyl a r s in e  ox ide  ( 2 *25g*j 7m *m oles)(heated  in  an oven a t  
1 4 0 ° f o r  3 hr* b e fo re  u se )  in  t r i  e th y l amine ( 40ml#). and th e  
m ix tu re  was h e a te d  to  r e f lu x  f o r  24 h r . . (A f te r  th e  f i r s t  4 
hr# more phosphorus p en to x id e  (0*5g# ) I'fue added )* Water
( 100ml#) was added to  th e  r e a c t io n  m ix tu re  and th e  r e s u l t a n t  
su spension  was e x t r a c te d  w ith  m ethylene ch lo rid e*  The e x t r a c t  
was washed w ell w ith  w a te r , d r ie d  (Na^SO^), and th e  solvent, 
removed to  g iv e  an o i ly  re s id u e*  T r i tu r a t io n  w ith  e th e r  
( 15m l.) and e th a n o l ( 5m l.) gave p a le  ye llow  c r y s t a l s  o f
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t r i  phenyl a r  sonium 2 , 3 , 4 - tr ip h e n y l.o y c lo p e n ta d ie n y lid e  ( 2* 25g . , 
55%)» ^ sample was r e o r y s t a l l i s e d  from a c e t o n i t r i l e  a s  p a le
yellow  n e e d le s , m.p* 198-200°( deoomp. ) .  (Found: 0 , 8 2 ,1  ;
H, 5*2. G^^H^^As r e q u i r e s  0,82*3» K, 5*2%),
P e rc h lo r ic  a o id  (G *2m l,, 7Cÿb) was added to  a su spension  
o f th e  y l id e  ( 0 , 6.98g*, lm*mole) in  e th an o l ( 5ml*) to  g ive  an 
a lm o st c o lo u r le s s  so lu tio n *  A d d itio n  o f e th e r  p r e c ip i t a t e d  
p a le  yellow  c r y s t a l s  which were f i l t e r e d  and r e o r y s t a l l i s e d  
from a m ix tu re  o f n -p ro p an o l and a c e t o n i t r i l e ,  w ith  e th e r  
added to  i n i t i a t e  c r y s t a l l i s a t i o n ,  to  g ive  t r ip h e n y l( 2 , 3 , 4 -  
t r ip h e n y lc y c lo p e n ta d ie n y l) arsonium  p e rc h lo ra te  a s  p a le  yellow  
n e e d le s , m.p* 225-226°(decom p*)♦ (Found: 0, 69 . 9 ; H, 4*85;
G l, 5 . 4 * r e q u i r e s  G, 70*4; H, 4 , 6 ; 01, 5.2% ).
( i i )  Tyi s l i e m l a r sonium 5 r-a p e ty l-2 ,3 ,4.-rt.riphen.Ylo.Vclope.nta"
A G EÜ iÉÊ
D ehydrated  t r ip h e n y la r  s in e  oxide (0 * 9 6 6 g ., 3m.moles) was 
added to  a s o lu t io n  o f 2 , 3 , 4—trip h e n y lc y o lo p e n ta d ie n e  ( 0 . 882g . , 
3m .moles) in  a c e t i c  anhydride  ( 25m l#) and th e  m ix tu re  was 
h e a te d  to. r e f lu x  f o r  10 m in .* On c o o lin g  lu s t r o u s  c r y s ta l s  
s e p a ra te d  from th e  s o lu t io n  and th e se  were f i l t e r e d  and 
washed w ith  e th a n o l to  g iv e  t r i  phenyl arsonium  5- a c e ty l  - 2 , 3 , 4— 
tr ip h e n y lc y o lo p e n ta d ie n y li  de (l*34g* , 70%). A sample was 
r e c r y s t a l l i  sed from a m ix tu re  o f  n i trom ethane and benzene a s
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yellow  p r ism s, m*p. 249-252°(deoom p.) .  (Found: C, 79-*9î 
H, 5 *1 5 # r e q u i r e s  C, 8 0 .6 ; Ii, 5*2%).
P e rc h lo r ic  a c id  (0 .2 m l. ,  '^Ofo) was added to  a su spension  
o f  th e  y l id e  (0 .3 7 g * j 0.5m#mole) in  a c e t o n i t r i l e  ( 5ml») and 
th e  s o lu t io n  was warmed f o r  1 m in .. A d d itio n  o f  e th e r  ( l5 m l .) 
caused  yellow  c r y s t a l s  to  p r e c i p i t a t e  which were f i l t e r e d  
to  g ive  tr ip h e n y l  ( 5—a c e ty l - 2 , 3 , 4 - tr ip h e n y l  cy c l openta­
d i eny l) arsonium  p e ro li lo ra te  ( 0 .33g# , 95%) • A sample was 
r e o r y s t a l l i  sed from e th an o l a s  yellow  p la t e s ,  m.p*224-226°
( decompo ) * ( Found: G, 69.#4» 4*5* ^43^34^^^5^® r e q u ir e s
G, 69»7; H, 4 . 5%).
11* REACTIONS OF 2*3*4-TRIPKMYIiGYGLQPENTADIENYLIDES
G eneral p ro ced u re * - A m ix tu re  o f  th e  p e r c h lo ra te  (lm *m ole), 
£-dim ethylam inQ henzaldehyde (.1* 2m.moles) , and a c e t i c  anhydride 
(,20ml*) was b o i le d  u nder r e f lu x  f o r  20 min*. An in te n s e ly  
co lo u re d  s o lu t io n  was o b ta in e d  in  each case* The work-up 
v a r ie d  s l i g h t l y  from case  to  case and i s  g iven  in d iv id u a l ly .
p e r c h lo ja 'te . "  E th o r (15m1«) was added, to  th e  o.oolod s o lu t io n  
and sm all c r y s t a l s  s e p a ra te d . F i l t r a t i o n  and r e o r y s t a l l i  s a t io n  
from a c e t o n i t r i l e ,  w ith  e th e r  added to  i n i t i a t e  c r y s t a l l i s a t i o n ,
a f fo rd e d  N-( 5r*£-dim ethylam ino'benzyliden© -2,3 ,4-t32i pheny l-  
oyol o pen tad i en y l)  p y r i  dinium  p e rc h lo ra te  (0 .3 5 g * , 58%), a s  
deep maroon n e e d le s , m .p, 17Q-173°(dec.omp*)• (Founds 0, 7 2 .2 ; 
H, 5 . 3 . C^^H^^N^GIO^ r e q u i r e s  0, 73*7; H, 5*15^o),
b) ) PjxgsphmiJM
p e ro h l o r a te . -  The: volume o f th e  a c e t i c  anhydride was reduced  
( c a . 5m l,) and e th e r  ( l5 n a i,)  was added* The dark  co lo u red  
powder was f i l t e r e d  to  g ive  t r i  phenyl ( 5 -p -d im eth y l am ino- 
b e n z y li  dene—2 ,3  ? 4—t r i  phenyl oycl o p en tad i enyl ) pho sphonium 
p e rc h lo ra te  (0*45g*j 65%) # A sample was r e o r y s t a l l i  sed from 
a c e t o n i t r i l e  and e th e r  a s  d ark  red-brow n n e e d le s , m*p, 173°
( de comp* ) * (Found: G, 76*45-; H.? 5*2; N, 1 .6 .  0 H^^NGlO.P 
r e q u i r e s  C, 76*2; H, 5*2; N, 1.8% ),
o) T ri phenyl ( 2 .3 ,4 - t r i  phenyl oycl o p en tad i enyl ) arsonium  
p e r c h lo r a te . -  E th e r  ( l5 m l* ) was added to  th e  co o led  s o lu t io n  
and a  dark p r e c i p i t a t e  c o l le c te d .  T h is  was f i l t e r e d ,  washed 
w ith  e th e r ,  and  r e o r y s t a l l i  sed from a c e t o n i t r i l e  and e th e r  to  
g ive  tr ip h e n y l(5 -£ -d im e th y la m in o b e n z y lid e n e -2 ,3 ,4 - t r ip h e n y l -  
o y c lo p e n ta d ie n y l)arsonium  p e rc h lo ra te  a s  dark  re d —brown 
n e e d le s , m*p* l6 0 -l6 3 °(d eo o m p ,)* (Found: Q 71*0; H, 4*9;
N, 2.0* G H^^NOlO^As r e q u i r e s  C, 72*7; H, 4*95; N, 1*7%)
( i i )  T rijifam Y larsoaippi 2 . 3...4 r t o i £ k ^ ylo.veiopen ia d i
a) A iien ip ted  h y d r o ly s ia . -  The y l id e  (0 .5 3 7 g .,  Im.mole)
was added to  a s o lu t io n  o f sodium h ydrox ide  ( ig * )  in  e th an o l
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(,25nil») and th e  suspension  was h e a te d  to  r e f lu x  f o r  18  h r .  » 
W ater (50ml# ) was added to  th e  m ix tu re  which was th en  e x t ra c te d  
w ith  ch lo ro fo rm . Removal o f th e  so lv e n t from th e  d r ie d  
(l'îa^SO^) s o lu t io n  gave an o i ly  re s id u e  which c r y s t a l l i s e d  a s  
unchanged arsonium  y l id e  (0*50g*) on a d d i t io n  o f e th e r  (lOm l*) .
"b) B engaldehvde. ■*» A m ix tu re  o f tr ip h en y la rso n iu m  2 ,3 ,4 -  
t r ip h e n y l  c y c lo p e n ta d ie n y lide ( 0 ^537g*j Im .m ole) and f r e s h ly  
d i s t i l l e d  Bengaldeliyde ( 0 .1 0 6 g . , Im .m ole) in  carbon 
te t r a c l i lo r id e  ( 25m l.) was b o i le d  f o r  18  h r* , w ith  th e  a d d i t io n  
o f a f u r th e r  q u a n t i ty  o f  benzaldeliyde ( 0 . 053g$, 0 *5m.mole) 
a f t e r  th e  f i r s t  h ou r. A f te r  ev a p o ra tio n  o f th e  so lv e n t th e  
r e s id u e  was chrom atographed on an alum ina column p re p a re d  
w ith  l i g h t  p e tro leu m . E lu tio n  w ith  a ( 2 : l )  m ix tu re  o f l i g h t  
petro leum  and benzene b ro u g h t o f f  a brown band which gave a 
red-brcivn s o lu t io n .  Removal o f  th e  so lv e n t gave 1 , 2 , 3 , 6-  
te tra p h e n y lfu lv e n e  (0 * 1 5 2 g ., 35^)# A sample was r e o r y s t a l l i s e d  
from n itro m e th an e  a s  p a le  r e d —brovm n e e d le s , m .p. 1 7 5 ^*
(Found: C, 94*4? H, 5 . 9 . r e q u i r e s  0, 9 4 ,3 ; H, 5 . 8^ ) ,
A p a le  yellow  band was e lu te d  w ith  m ethanol and t h i s  gave, 
on worfe-up w ith  b o i l in g  w a te r , t r ip h e n y l a r  s i  ne ox ide ( 0 . 1 7 g. , 52?c>) 
o) p-Ni tro b e n z a l dehvde. -  A m ix tu re  o f ^ -n itro b en za ld eh y d e  
( 0 .1 5 g . , Im .m ole) and tr ip h e n y la rso n iu m  2 ,3 ,4 —tr ip h e n y lc y c lo -  
'p e n ta d ie n y lid e  (0 .537s*$ Im .m ole) in  carbon tie trq ,o h lo rid e  
( 25m l.) was t r e a t e d  in  an id e n t ic a l  manner to  t h a t  d e sc rib ed
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f o r  th e  ana logous r e a c t io n  o f th e  te trap h en y l.c jrc l op en tad i en­
y l  i  de (E xperim en t 6 , i , c ) .  The work-up gave t r ip h e n y la r  s in e  
ox ide ( 0 . 1 9 5 g , , 6C^ o) and a brown s o l id  which was 6- g - n i t r o -  
pheny l- 1 , 2 , 3 - tr ip h e n y lfu lv e n e  ( 0 .385g», 9 ^ o )  * A sample 
r e o r y s t a l l i s e d  from n itro m e th an e  a s  brown n e e d le s  and had 
m .p. 163 - 1 6 5 ° .  (Found; G, 8 4 .3 ; H, 5*0; N, 3 .2 .
r e q u ir e s  G, 8 4 .2 ; H, 4*95 N, 3*3f0-*
d) U itro so b en zen e . — T ripheny l arsonium  2 ,3 ,4 —t 3?i.ph e n y l-  
cy c l open tad i eny l i  de ( 0 . 537g*., Im .mole) was su b je c te d  to  th e  
same p ro ced u re  a s  d e s c r ib e d  in  Experim ent 6 , i , d ) .
Ghr omat o graphy o f th e  r e a c t io n  m ix tu re  gave t r ip h e n y la r  s in e  
( 0 . 078g*; 30^ )  and H -phenyl 2 , 3 , 4 - t 3?iphenyl cy c l o p en tad i enone 
ketoxim e (.0 . 0 6 8 g*, 17 0^ , id e n t i c a l  to  th e  compound p rep a red  
in  Experim ent 5i i v ) .
e) F o rm y la tio n . -  A suspension  o f  t r i  phenyl arsonium
2 ,3 ,4 - tr ip h e n y lc y o lo p e n ta d ie n y lid e  (0*538g#, Im .m ole) in  
dim ethylform am ide ( 5m l.)  was t r e a te d  w ith  phosphorus oxy- 
c h lo r id e  ( 0 . 15m l.,  ^ * 2 m .m o les)  and th e  yellow  m ix tu re  became 
c l e a r .  A f te r  i t  had been  warmed a t  60° f o r  5 min* a 2N 
s o lu t io n  of. sodium hydrox ide  (5 m l.) was added and th e  m ix tu re  
quenched w ith  w a te r  ( 50m l.)*  T his was e x t r a c te d  w ith  benzene 
and th e  benzene s o lu t io n  was washed w e ll w ith  w ate r and d r ie d  
(Ra^SO^). E v ap o ra tio n  o f  th e  solvem t and a d d i t io n  o f e th e r  
( 15m l.)  to  th e  r e s id u e  gave t r i  phenyl arsonium  5 o rm yl-2 ,3 ,4 —
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tr ip h e n y lc y c lo p e n ta d ie i iy lid e  ( 0 . 39g*, 63 0^ * A sample was 
r e o r y s t a l l i s e d  from a o e to n i t r i l .e  a s  ye llo w  n e e d le s , m .p, 210-  
212°(decom p,)• (Founds 0 , 81,5? 5«2. G^^H^^OAs r e q u i r e s
0, 80.5.; H, 5 .0 ^ ) .
P e rc h lo r ic  a c id  ( 0 ,1 m l. , lO ji) was added to  a  s o lu t io n  
o f th e  fo rm y la te d  y l id e  {0 . 283g , , 0 . 5m,mole) in  e th an o l ( 5m l.) .  
A d d itio n  o f e th e r  ( l5 m l.)  gave a  yellow  p r e c i p i t a t e  which was 
r e o r y s t a l l i s e d  from e th an o l to  g ive t r ip h e n y l ( 5~ fo rm y l-2 , 3 , 4 -  
tr ip h e n y lc y c lo p e n ta d ie n y l) arsonium  p e rc h lo ra te  ( 0 . 34g«, 95%) 
a s  p a le  ye llow  p rism s, m .p. 230-232°. (Found: G, 6 8 .9 ;
H, 4*6. G^^H^^ClO^As r e q u i r e s  G, 6 9 .0 ;  H, 4»4%)*
f )  A o e tv la tio n . -  A s o lu t io n  o f tr ip h e n y la rso n iu m  2 ,3 ,4 — 
t r i  pheny lcyclop  e n ta di e n y li  de (0 ,5 3 8 g ., Im .m ole) in  a c e t i c  
anhydride  ( lO m l.)  was H eated  to  r e f lu x  f o r  3 m in, and th en  
co o led . L u s tro u s  c r y s t a l s  appeared  which were f i l t e r e d  
(0 .4 3 g « , 15%) and r e o r y s t a l l i s e d  from a m ix tu re  of n itro m e th an e  
and benzene to  g iv e  t r i  phenyl a r  sonium 5- a c  e ty l - 2 , 3 , 4 - t r i ­
pheny l cyc l o p en tad i enyl i  de, id e n t ic a l  to  th e  compound p rep a red  
i n  Experiment. 1 0 , i i ) .
( i i i )  T riphenylphosphonium  2 ,3 ,4 - tr ip h e n y lo y c lo p e n ta d i e n y l ide
a) fefefeljr s i  a .. aiaB hyde .B j _ . a M iJP-SQbenze^^^^. -  Tlie y liide 
was reco v e red  unchanged from a ttem p ted  h y d ro ly s is ,  a ttem p ted  
r e a c t io n  w ith  a ld eh y d es , and  a ttem p ted  r e a c t io n  w ith  n i t r o s o -  
benzene. The c o n d itio n s  u se d  were th o se  d e sc r ib e d  f o r  each
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correB ponding experim ent u s in g  th e  arsoniuiTi y l id e  (Experim ent 
1 1 , i i ) .
b) Form yla t io n , — A suspension  o f triphenylphosphonilum
2 .3 .4 - t r ip h e n y l  oycl o p en tad i e n y li  do ( 0 .4 9 3 g . , Im .m ole) in  
dim ethylform am i de (5 m l.)  was t r e a te d  u n d er th e  same c o n d itio n s  
a s  d e sc r ib e d  in  Experim ent l l , i i , e )  to  g ive t r ip h e n y l -  
phosphonium 5 orm yl-2 , 3 , 4 - t r i  phenyl cy c l open tad i enyl i  de (0 * 4 2 g ., 
QOfo).* A sample was r e o r y s t a l l i s e d  from a c e t o n i t r i l e  a s  
y e llo w  p rism s , m .p. 252—253^(decom p.)•  (Found: G, 86 . 7.;
H, 5"4* G^^H^^OP r e q u i r e s  C, 8 6 .5 ; H, 5«3fo).
P e rc h lo r io  a c id  (O .lm l* , lOfo) was added to  a  s o lu t io n  o f 
th e  y l id e  ( 0 *26g . , 0,5m ,m ole) in  e th an o l (5 m l.)  to  g ive a 
b r ig h t  yellow  s o lu t io n .  E th e r  (lO m l.) was added and yellow  
c r y s t a l s  s e p a ra te d . These w ere f i l t e r e d  and r e o r y s t a l l i s e d  
from, e th an o l to  g ive  t r ip h e n y l  ( 5—f.orm yl-2 ,3 ,4 —t r i  phenyl cyc l o— 
p e n ta d ie n y l)phosphonium p e rc h lo ra te  ( 0 . 25g*, 61%) a s  b r ig h t  
y e llo w  p rism s, m .p. 247-249"^(decomp.) .  (Founds 0, 73.8.;
H, 5.Q . ^42^ ^ 2 ^^^5^ r e q u i r e s  G, 73*9? H, 4»7?0*
o) A ce t,v la tio n . -  A s o lu t io n  o f triphenylphosphonium
2 .3 .4 - ir ip h e n y lc y c lo p e n ta d ie n y l ide (0 .4 9 3 g ., Im .m ole) in  
a c e t i c  anh y d rid e  ( l5 m l.)  was h ea ted  to  r e f lu x  f o r  3 l i r . .  The 
s o lu t io n  was co o led  and c r y s t a l s  p r e c ip i t a t e d .  These were 
f i l t e r e d  and washed xvith e th e r .  R e c r y s ta l l i s a t io n  from
n i trom ethane a f fo rd e d  tr ip h e n y lp h o  sphonium 5“Q'C.etyl-2,3 ,4 -  
tr ip h .e n y lc y o lo p e n ta d ie n y lid e  ( 0 ,3 2 g . , 60fo) a s  p a le  yellow
156»
p l a t e s ,  m#p, 286°( decomp. )•  (Pomid: 0 , 86*4; E, 5*55»
^43^33^^ r e q u i r e s  0, 8 6 .5 ; H, 5 . 5^ ) .
P e r c h lo r ic  a c id  was added to  a s o lu t io n  o f th e  y l id e  
( 0 . 268g*, 0 . 5m.mole) in  e th a n o l ( 8m l . ) . E th e r  (,15ml*) was 
added to  th e  c l e a r  s o lu t io n  to  g ive a p r e c i p i t a t e  o f  the  s a lt*  
F i l t r a t i o n  and r e c r y s t a l l i s a t i o n  from n -p ropano l gave 
t r ip h e n y l  ( 5r-ac e ty l  - 2 , 3 , 4 - t r ip h e n y l  cy c l op eaitadi enyl ) ph o sphonium. 
p e rc h lo ra te  ( 0 , 33g . , 95 0^) a s  yellow  p rism s , m.p# 228- 230° 
(deeom p*). (Found: G, 7 3 .8 ; ÏÏ, 5 , 0 , O^^H^^GIO^P r e q u ir e s
G, 74*0; E, 4*9/^)*
a) F o rm v la tio n . -  
( 5—Bi
, e n y l)p y r i  dinium perch]
ene-2 * 3 .4 —tr ip h e n y lc y c lo p e n ta -  
D im ethylth ioform am ide ( 0 .8 9 g . , 
10m.moles) was added to  a s o lu t io n  of N—( 2 ,3 ,4 —tr ip h e n y l— 
cy c lo p en tad i e n y l) p y r i  dinium p e rc h lo ra te  ( 0 ,4 7 g . , Im .m ole) 
in  a c e t i c  an h y d rid e  (5m l*) and th e  m ix tu re  was b o i le d  fo r  
5 m in .. A d d itio n  o f e th e r  (l5m l*) f i r s t  o f  a l l  caused  an o i l  
to  be p r e c i p i t a t e d  b u t t h i s  c r y s t a l l i s e d  a f t e r  ^ca* 15 min*.
The b r ig h t  r e d  c r y s t a l s  were f i l t e r e d  (0 .3 2 g * , 57^) to  g ive 
H-( 5-dim e th y l ami nom e th y l e n e -2 ,3 ,4 - t r i  phenyl cyc l o p en tad i enyl ) -  
p y r i  dinium p e r c h io r a te .
H y d ro ly s is  o f th e  s a l t * - A s o lu t io n  o f 2H sodium 
hydrox ide ( l5 m l .)  was added to  a s o lu t io n  o f th e  s a l t
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(0 ,2 7 9 g * , 0,5m*mole). in  d im e ih y lf  ormami de ( l5 m l,)  and th e  
m ix tu re  was shaken w ell f o r  5 m in , b e fo re  e x t r a c t io n  w ith, 
e th e r .  The s o lu t io n  was d r ie d  and th e  so lv e n t removed leav in g , 
a dark  c r y s t a l l i n e  re s id u e , which gave an orange p r e c i p i t a t e  
on a d d i t io n  o f  e th an o l (5ml*).• R e c r y s ta l l ! s a t io n  from a 
m ix tu re  o f  benzene and petro leum  gave py rid in iu m  5—lo^^myl—
2 ,3 ,4 - f  n ip h en y l cyc l o p en tad i e n y li  de (0*146g*, 67^ )  a s  o ran g e- 
r e d  n e e d le s , m#p* 250-252°(deoomp*) .  (Founds 0 ,87*3; 5*4 *
r e q u i r e s  G, 8 7 .2 ; E, 5*3fo).
12. MISGELIAMEOITS REAGTIORS
( 1 ) .R eaction betw een 2 .3 .4 .5 —T etrap h en y ld iazo cv c lo p en tad ien e  
and T etrah y d ro .th i ophene-1 .1  —d i oxi de
2 j3 ,4 ,5 -T e tra p h e n y ld ia z o c y o lo p e n ta d ie n e  C.O*396g*, Im .m ole) 
and te t r a h y d r 0th io p h e n e -1 , 1 -d io x id e  ( 0*72g. , 6m .m oles) were 
m ixed to g e th e r  and h e a te d  a t  135^ f o r  5 min. u nder an 
atm osphere o f n i t r o g e n .  At t h i s  tem p era tu re  n i t r o g e n  was 
evo lved  p ro fu s e ly  from th e  r e a c t io n  m ix tu re  which became 
maroon—re d  in  c o lo u r . I t  was coo led , d is s o lv e d  in  a small 
amount o f benzene , aud chrom atographed on an alum ina column 
p re p a re d  w ith  l i g h t  p e tro leu m . U nreacted  d iazo  compound 
(O .G lg .) was e lu te d  w ith  a m ix tu re  o f l i g h t  petro leum  and 
benzene ( 3 î l )  and when th e  r a t i o  o f s o lv e n ts  was changed to  
( l ; 3 )  a p u rp le  band was e lu te d .  On rem oval o f  th e  so lven t.
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and a d d i t io n  o f e th an o l ( l5 m l.)  b la ck  c r y s t a l s  o f 2 ,3 ,4 ,5 -  
te tra p h e n y lc y o lo p e n ta d ie n o n e  ( 0 . 27g*, 10%) were o b ta in ed . 
Benzene e lu te d  a brown band which gave a red-brovra o i l .  A 
s im ila r  red-brow n o i l  was o b ta in e d  on e lu t io n  w ith  m ethano l. 
B oth th e se  o i l s ,  in  e th e r e a l  s o lu t io n , were p assed  th rough  
a gas chromatogram and were showa to  have th e  same r e te n t io n  
tim e as  an a u th e n t ic  sample o f te tra h y d ro th io p h e n e —1 ,1 —d io x id e . 
T h is  was a p p re c ia b ly  d i f f e r e n t  from th e  r e te n t io n  tim e of 
te t r a h y d ro th i  o p h en e -l-o x i de.
( i )  R eac tio n  betw een P y r i  dinium 2 ,3 .4 ,5 —t  e tra p h en y lc y c lo —
A m ix tu re  o f p y rid in iu m  2 ,3 ;4 ,5 - fG tra p h e n y lc y c lo p e n ta -  
d i e n y l ide ( 0 *8 9 g*, 2m.moles) and tr ip h e n y lp h o sp h in e  ( l . 05g . ,
4m.moles) was h e a te d  on an o i l-b a th . a t  210° f o r  15 min. and 
th e  b lu e  s o lu t io n  darkened . E th e r ( l5 m l.)  was added to  th e  
co o led  m ix tu re  and dark a lm ost b la ck  c r y s t a l s  s e p a ra te d . The 
p r e c i p i t a t e  (0 * 5 2 g .) was f i l t e r e d ,  washed w ith  e th e r ,  and 
r e o r y s t a l l i s e d  from n itro m e th an e  to  g ive  p u rp le -b la c k  p rism s 
o f an u n id e n t i f i e d  su b s tan ce , m.p* 296-300°. (Pound: C, 90.7,| 
H, 5*7; R, 3#6^Q. Mol. Wt.(GHGl^) 575,
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O p tic a l d e n s i ty  m easurem ents f o r  th e  pKa d e te rm in a tio n s
were c a r r ie d  ou t on a Unicam S .P .800  spectropho tom eter*  pH-
d e te rm in a tio n s  were c a r r ie d  o u t w ith  a R adiom eter Copenhagen
pH M eter 25 equ ipped  w ith  g la s s  and s a tu ra te d  calom el
e le c tro d e s*  A ll o p t ic a l  d e n s i ty  m easurem ents and pH.
d e te rm in a tio n s  were re c o rd e d  a t  25^»
95^ E thano l was th e  so lv e n t u sed  f o r  a l l  s o lu t io n s  o f
a c id s ,  bases., b u f f e r s ,  and y l id e  p e r c h lo r a te s .  The a c id
s o lu t io n  was 0#1M H.CXL p re p a re d  by add ing  w ate r ( 50ml#) and
a.bso lu te  e th a n o l ( 950m l.)  to  c o n c e n tra te d  h y d ro c h lo r ic  a c id
(9*3m l.)*  The base  s o lu t io n  was O.IM KOH p rep a red  by
d is s o lv in g  po tassium  hydro x id e  ( 5 *6l g . ) i n  w ater ( 50m l.) and
a b s o lu te  e th a n o l ( 950m l.) ,
Ten b u f f e r  s o lu t io n s  were p rep a red  a s  p re v io u s ly
1^7d e sc r ib e d  in  th e  l i t e r a t u r e  excep t th a t  th e  f i n a l  so lv e n t 
com position  wqs 95?^  e th a n o l-w a te r . The ap p a ren t pH o f each 
buffQS! was 8 . 7 4 ( 9 . 0 ) ,  8 , 4 4 ( 8 . 6) ,  7 . 81 ( 8 . 0 ) ,  7 . 4 0 ( 7 *8 ) ,
7 . 0 5 ( 7 . 2 ) ,  6 . 1 1 ( 4 . 0 ) ,  5 . 78 (3 . 6) ,  5 . 33( 3 . 4 ) ,  5 . 1 4 (3 . 2) ,  4 . 9(3 . 0 ) .
The f i r s t  f iv e  were Tris~H01 'b u ffe rs  (T r is=  t r i  s~( hydroxy— 
m ethyl)am in.om ethane), and th e  o th e r  f i v e  were fo rm ic  a o id  — 
px)tassium h y d ro x id e  b u f f e r s .
*(The v a lu e s  i n  p a re n th e s e s  a re  th e  pH v a lu e s  o f  th e  same 
b u f f e r s  when p re p a re d  in  aqueous m ed ia).
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Stock s o lu t io n s  o f  each y l id e  p e rc h lo ra te  were p re p a red  
by d is s o lv in g  th e  s a l t  (£a#4mg*) in  95% e th an o l (lO m l*). 
A liq u o ts  ( im l . )  o f each  s to c k  so lu t io n  were d i lu te d  to  10ml. 
s e p a ra te ly  w ith  th e  a c id ic  s o lu t io n , th e  b a s ic  s o lu t io n , and 
th e  a p p ro p r ia te  b u f fe r  s o lu t io n .
The absorbancy  o f th e  th re e  s o lu t io n s  was re c o rd e d  a t  
f iv e  w aveleng ths in  th e  re g io n  ( 2 6 0 - 3 )  where th e  y l id e s  
ab so rb ed  s tro n g ly  and th e  co n ju g a te  s a l t s  were n e a r ly  t r a n s ­
p a r e n t .  The pKa v a lu e s  were c a lc u la te d  a s  fo llo w s .
B -  bpKa = p H . - l o g b -  A
where B = abso rbancy  o f  th e  sto ck  a l iq u o t  in  b a s ic  s o lu t io n , 
b « absorbancy  o f th e  s to c k  a l iq u o t  in  b u f fe re d  s o lu t io n ,
A = absorbancy o f th e  s to c k  a l iq u o t  in  a c id  s o lu t io n ,  and 
pH = pH o f th e  b u f f e r  s o lu t io n  used*
The v a lu e s  re c o rd e d  a re  th e  average o f th e  p K a 's  
de term ined  u s in g  a t  l e a s t  two d i f f e r e n t  b u f f e r s .  The pE&
determ ined  u s in g  any g iv en  b u f f e r  s o lu t io n  i s  th e  average o f 
th e  pK^ v a lu e s  determ ined  a t  f iv e  d i f f e r e n t  w ave leng ths. 
R e s u lts :
Y lide pKa Y lide pKa
(3 a )  5 .3  (4 9 )  < 5 . 3
( 3 9 ) 7 .6  ( 5 0 )  ?
(40) > 7 . 6  (6 2 ) 4 .2
(48) < 5 . 3  (63) 6 .6
l6l.
1 4 . SPECTRA 
A, U.V. SPECTRA
i )  U».V» S p ec tra  o f  T e tiap h en y l.-  and T plphenyloyclopeK tad len— 
y l id e s  reooEded in  a) E th an o l, b) E thanol + 1% v /v  7<% 
oeE ohborlc a c id ,  o r  a s  in d ic a te d .
(Compounds a re  numbered a s  in  P a r t  I I ,  p . 3 2 ) .
Compound , 6 ) m t
( 3 8 ) (a )2 8 8 (4 .3 0 ) , (b )2 6 8 ^ * (4 .4 2 )  345(3 .88)
( 39 ) ( a ) 2 9 l ( 4 .2 7 ) ,  (b ) 245^ ( 4 . 3 1 ) 347 ( 3 . 74)
( 4 0 ) (C hloroform ) 253( 4 .3 5 ) 3 4 9 (4 .U )
( 1 5 ) ( a ) 2 4 0 sh (4 . 82 ) 335 ( 4 . 2) 525( 3 . 90 ) ,(Benzene) 280( 5 . 19 ) 345(4 .38) 596 ( 4 . 0 6 )
(1 ) (a )2 6 0 (5 .3 0 )  337( 4 . 4 1 ) 538( 3 . 1 0 ) ,(Benzene) 286(5 .21) 3 4 5 (4 .20) 595(3 .32)
( 4 8 ) (B enzene)292(4 .44) 3280^ ( 3 . 85 )
( 4 9 ) (Benzene) 302 ( 4 .28) 3 4 6 ^ (3 .7 4 )
( 50 ) ( a ) 294( 4 . 3 0 ) 3 4 7 ^ ( 3 .6 1 ) ,  (b )2 5 2 (4 .2 0 )
335(3 .61)
( 62 ) ( a )2 8 6 (4 .3 0 ) , (b ) 263^ ( 4 . 2 ) 3 4 0 (4 .OO)
( 63 ) ( a )2 8 8 (4 .3 5 ) , (b )2 6 5 (4 .3 l)  3 3 5 ^ (2 .3 0 )
*sii d en o tes  slionldex.
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( 57 ) ( a ) 255 ( 3 . 34 ) 31l ( 3 . 4 0 ) 530 ( 3 . 1 0 ) ,
( 1 ) 2 3 2 ( 2 . 6 3 )  3 0 3 ( 2 . 2 8 )  3 6 2 ( 2 , 0 1 ) ,  
( B e n z e n e ) 292 ( 3 . 50 ) 3 2 0 ( 3 . 35 ) 5 8 2 ( 3 . 4 1 )
( 6 6 ) ( a ) 268 ( 3 . 77 ) 287(  ( 3 . 6 5 )  326 ( 3 . 4 9 ) 447 ( 2 . 8 6 )(■6)253(3.71) 311(3.46) 400^ (2.81)(Benzene) 2 9 4 (3 ,6 6 ) 3 2 6 ^ ( 3 .20) 528( 2 . 9 8 )
( 7 3 , X=P) ( a ) 265 ( 3 . 4 5 ) 325 ( 3 . 29 ) 354 ( 3 . 1 0 )
( 7 3 , X=As) (a )2 6 8 (3 .8 2 )  325(3 .15) 354(3 .20)
(7 4 , 2»P) ( a ) 285( 4 . 68 )
( 74 , X=As) ( a ) 287 ( 4 . 58 )
( i i )  B.V. S p ec tra  o f  IHilvenes, A n ils , and M-o x id eg  recorcLed 
in  chloroform #
( 4 1 ) 2 7 5 ( 3 . 6 5 ) 3 4 6 ( 3 . 5 6 )
( 4 2 ) 2 7 3 ( 3 . 5 9 ) 3 5 3 ( 3 . 4 5 )
( 6 9 ) 2 5 8 ( 3 . 5 4 ) 3 5 0 ( 3 . 6 4 )
( 7 0 ) 2 7 3 ( 3 . 5 4 ) 3 6 1 ( 3 . 6 0 )
( 4 4 ) 2 5 6 ( 3 . 7 6 ) 3 2 5 ^ ( 3 . 2 3 )  4 5 0 ( 2 . 6 5 )
( 7 2 ) 2 6 1 ( 3 . 6 5 ) 321 ( 3 . 1 8 ) 4 0 8 ( 2 . 7 7 )
( 4 5 ) 2 5 0 ( 3 . 5 3 ) 3 6 3 ( 3 . 4 5 )
( 7 1 ) 2 5 6 ( 3 . 5 2 ) 3 6 2 ( 3 . 5 2 )
( i i i ) U»V# S p ec tra  o f o th e r
( 1 0 ) (C yolohexane) 2 4 5 ( 3 . 6 1 )  282 ( 3 . 60 ) 364_gi( 2 . 34 )
( 2 5 )  ( Chloroform ) 3 4 5 ^ ( 3 . 6 2 )  317 ( 3 . 7 1 )
3 0 7 ( 2 . 4 6 )  2 2 0 ( 3 . 8 2 )
1.63.
( 26 ) (E th a n o l)220(3 .82) 265( 3 . 64) 3 6 2 (3 .5 0 ),
(E th an o l + 1$> v /v  ^Ofo p e r c h lo r ic  a o id ) 228( 3 . 8 7 ) 
263( 3 . 68 ) 341( 3 . 56 )
( 2 8 ) (E th a n o l)261 ( 2 . 91 ) 268 ( 2 . 9 0 ) 275^ ( 2 . 8 0 )
366 ( 3 . 72 ) ,  (E th an o l + 1% v /v  70°/i p e r c h lo r ic  
ac id )2 2 3 (3 .6 5 )  260( 2 . 8 3 ) 2 6 1 (2 ,9 1 )
273( 2 . 8 7 ) 338 ( 3 . 59)
( 30 ) (C hloroform ) 263( 3 . 5 8 ) 346(3 .51)
( 31 ) (C hloroform ) 2 6 5 (3 .63 ) 349(3 .77)
( 3 3 ) (E th an o l)  2 5 0 jh (4 .4 2 ) 3 7 3 (4 .3 2 ), (E th an o l
+ I/o v /v  IM KOH s o lu t io n )258( 4 . 39 ) 382( 3 . 98 )
B. M.M.R. SPBCIHA
Chemical s h i f t s  ("T") a re  g iven  in  p .p .m . r e l a t i v e  to  
t  G tram e thyli.8il ane a s  in te r n a l  s tan d a rd  w ith  r e l a t i v e  i n t e n s i t i e s  
i n  p a re n th e s e s .
(Compounds a re  numbered a s  in  P a r t  I I ,  p*32)
( 10) 2.96m (30), 4 . 8 0 s ( i )
( 5 0 )  2 . 85m ( 25 ) 7 . 2 4 s ( 3 )
( 5 4 ) 2 . 90m 3 . 51a 4 . 4 0 d 6 .2 0 s
J  « 2
( 5 6 ) 1 .2<^2.8m (20) 5 .6 1 s(2 )
( 6 1 ) 2 .0«*3.2m (30) 5 .8 8 s(2 )
( 64 ) 2 .2 w 3 .3 m (3 0 ) 5*64s(2)
(66) 0 .5 0 s ( l )  1.3<-»3.3m(20)
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(7 3 , X^P) 2.1*-^3.4m(30) 8 ,2 1 b(3 )
(7 3 , X=Ab) 2.2<->3.5m(30) 8 .l8 s ( 3 )
(7 4 , Xi=P) 2.1#-»3.3m
(7 4 , X—As) 2 .2',w*3.4m
s =; s in g le t . ,  d « doublai;,, and m ~ m u lt ip le t ,
1^ 5.»
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